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ABSTRACT 


The subfamily Borophaginae (Canidae, Carniv¬ 
ora, Mammalia) was erected by G. G. Simpson in 
1945 to include seven genera of large, bone¬ 
crushing “dogs” in the late Tertiary of the north¬ 
ern continents. As a monophyletic group of ca¬ 
nids, the Borophaginae is now known to be much 
more diverse than was originally envisioned but 
is confined within the middle to late Tertiary of 
North America. Fossil records of the boropha- 
gines are well represented and members of this 
prolific clade are often the most common preda¬ 
tors in the late Tertiary deposits. 

Largely due to the Childs Frick Collection at 
the American Museum of Natural History, boro- 
phagines are represented by some of the best ma¬ 
terials among fossil carnivorans in anatomical 
representation, sample size, and stratigraphic den¬ 
sity. As a result of this explosive growth of new 
information, borophagine systematics is now in 
need of a complete rethinking at a level that could 
not have been attempted by previous studies. 

A detailed study of borophagine phylogenetic 
systematics is presented here, publishing for the 
first time the entire Frick Collection. A total of 66 
species of borophagines, including 18 new spe¬ 
cies, ranging from Orellan through Blancan ages, 
are presently recognized. A phylogenetic analysis 
of these species is performed using cladistic meth¬ 
ods, with Hesperocyoninae, an archaic group of 
canids, as an outgroup. At its base, the Borophag¬ 
inae has a sister relationship with the subfamily 
Caninae, which includes all living canids and their 
most recent fossil relatives. The Borophaginae- 
Caninae clade is in turn derived from the subfam¬ 
ily Hesperocyoninae. 

Apart from some transitional forms, most of the 
Borophaginae can be organized in four major 
clades (all erected as new tribes or subtribes): 
Phlaocyonini. Cynarctina, Aelurodontina, and 
Borophagina. The Borophaginae begins with a 
group of small fox-sized genera, such as Archaeo- 
cyon, Oxetocyon, Otarocyon , and Rhizocyon, in 
the Orellan through early Arikareean. Relation¬ 
ships among these genera are difficult to resolve 
due to their primitiveness. Slightly more derived, 
but still near the base of the Borophaginae, is the 
Phlaocyonini, a hypocarnivorous clade of the Ari¬ 
kareean and Hemingfordian that includes Cynarc- 
toides and Phlaocyon. These two genera represent 
divergent approaches toward hypocarnivory. Spe¬ 
cies of Cynarctoides trend toward selenodonty 
and remain small in size, whereas species of 
Phlaocyon specialize toward bunodont dentitions 
but of increasing size, with an unusual trend to¬ 
ward hypercarnivory by two terminal species in 
the clade. 


Four transitional taxa (species of Cormocyon 
and Desmocyon) occupy intermediate positions 
between the Phlaocyonini and Cynarctina, and 
represent a gradual size increase toward medium- 
size individuals. The subtribe Cynarctina, the sec¬ 
ond hypocarnivorous clade, includes Paracynarc- 
tus and Cynarctus in the Hemingfordian through 
Clarendonian, and represents a larger size group 
than the Phlaocyonini, although there is a tenden¬ 
cy toward size reduction among advanced species 
of Cynarctus. The cynarctines feature the most 
bunodont dentition known among canids. 

The next series of transitional taxa ( Metato- 
marctus, Euoplocyon, Psalidocyon, Microtomarc- 
tus, Protomarctus , and Tephrocyon) are of medi¬ 
um size and occupy a pectinated sequence that 
contains a rather diverse set of dental morpholo¬ 
gy. These include the most hypercarnivorous bor¬ 
ophagine Euoplocyon, the peculiarly trenchant 
Psalidocyon, and the dwarf lineage Microtomarc- 
tus. The next clade, Aelurodontina, is the first ma¬ 
jor hypercarnivorous group and is represented by 
Tomarctus and Aelurodon in the Barstovian and 
Clarendonian. The aelurodontines evolve around 
a more consistent theme of increasingly more hy¬ 
percarnivorous dentitions with strong premolars, 
forming a rather linear series from Tomarctus to 
various species of Aelurodon. 

The terminal clade Borophagina, sister to the 
Aelurodontina, begins with the mostly mesocar- 
nivorous Paratomarctus and Carpocyon in the 
late Barstovian through late Hemphillian. The ter¬ 
minal species of Carpocyon, C. limosus, shows 
some hypocarnivorous adaptations. Protepicyon 
in the Barstovian initiates the hypercarnivorous 
trend in the terminal clade. Epicyon, the largest 
known canid, is the dominant predator in the Clar¬ 
endonian and Hemphillian. Finally, an enlarged 
concept of Borophagus consists of a series of pec¬ 
tinated species terminated by B. diversidens in the 
late Blancan. Epicyon and Borophagus are the 
most highly evolved in their capacity to crush 
bones. 

Phylogenetic reconstruction was greatly aided 
by the high quality of fossil records and the large 
number of transitional forms. The latter ensures a 
morphological continuity that facilitates the iden¬ 
tification of homoplasies that otherwise could eas¬ 
ily be mistaken as synapomorphies. Confidence in 
the phylogeny is further enhanced by a high con¬ 
gruence between the cladistic rank and the strati¬ 
graphic sequence. The temporal and morphologi¬ 
cal continuity in many borophagine lineages also 
permits further postulation about their evolution¬ 
ary processes, such as cladogenetic and anage- 
netic events. 
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Our considerably enlarged concept of the Bor- 
ophaginae indicates a much broader trophic di¬ 
versity than has previously been envisioned. In 
addition to the commonly recognized hyenalike 
forms, members of the Borophaginae acquired a 


wider spectrum of morphologies that surpassed ei¬ 
ther the hesperocyonine or canine canids. The 
Borophaginae played broad ecological roles that 
are performed by at least three living carnivoran 
families, Canidae. Hyaenidae, and Procyonidae. 


INTRODUCTION 


Members of the subfamily Borophaginae, 
an archaic group in the dog family Canidae, 
are common carnivorans in North America 
from the middle Oligocene through the Pli¬ 
ocene. Together with the extinct bear dogs 
(Amphicyonidae) and occasional immigrant 
bears and cats from the Eurasia, borophagi- 
nes were the dominant predators during 
much of this time. These “hyenoid dogs” are 
most commonly known for their specialized 
predatory features, such as robust, bone¬ 
cracking dentitions and jaws that parallel 
those of some Old World hyenas. On the oth¬ 
er hand, certain omnivorous borophagines 
are noted for their specializations toward bu- 
nodont dentitions, which led them to be re¬ 
garded as possible precursors to the raccoon 
family Procyonidae. Between these extreme 
forms of trophic adaptations is a wide spec¬ 
trum of cranial and dental patterns that seems 
to fill every conceivable intermediate mor¬ 
phology, a striking demonstration of mor¬ 
phological flexibility unequaled by modern 
families of Carnivora. 

Despite the diverse ecological roles of the 
borophagines and the presence of abundant 
fossil remains, no detailed phylogenetic 
study has been attempted since G. G. Simp¬ 
son first erected the subfamily in 1945 (see 
History of Study below). This is especially 
notable in light of the fact that fossil boro¬ 
phagines are often the most common carni¬ 
vorans in many Neogene deposits of North 
America. Nonetheless, carnivorans, being on 
top of the food chain, represent a small por¬ 
tion of the biomass and their fossil remains 
are relatively scarce. 

It is therefore fortunate that Tertiary car¬ 
nivorans attracted the keen interest of the late 
Dr. Childs Frick, who, with his personal for¬ 
tune, launched a massive collection program 
unequaled in the history of vertebrate pale¬ 
ontology. With the help of a dedicated staff, 
the Frick Laboratory brought together a mag¬ 


nificent collection of Tertiary mammals, 
known as the Frick Collection (Galusha, 
1975a). The impact of the Frick Collection 
can be felt in the vastly increased quality, 
quantity, and stratigraphic density of fossil 
records of many taxa. Significantly, the in¬ 
creased density permits the recognition of 
numerous intermediate taxa, which fill gaps 
in the previously known morphology and 
geological range, and represents a quantum 
leap in our ability to reconstruct their phy- 
logeny. 

In collaboration with his long-time assis¬ 
tant Beryl E. Taylor, Childs Frick intended 
to publish a comprehensive account of late 
Cenozoic carnivorans of North America, an 
ambitious project that remained incomplete 
at the time of his death in 1965. Since then, 
the Frick Collection at the American Muse¬ 
um of Natural History became available to 
the general scientific public. In the 1970s, 
two of the present authors, B. E. Taylor and 
R. H. Tedford, began a reanalysis of the sys- 
tematics and phylogeny of two subfamilies 
of fossil canids, the Borophaginae and Can- 
inae, under the then new cladistic paradigm. 
Under this new partnership, every taxon was 
examined anew and hypodigms were reas¬ 
sembled, and a preliminary phylogenetic 
analysis was produced without the benefit of 
computer programs. By the time of Taylor’s 
retirement in 1980, the borophagine manu¬ 
script consisted of diagnoses and hypodigms 
of most taxa, measurements of approximate¬ 
ly 80% of the specimens, and 89 plates of 
illustrations. In 1995, a renewed effort on the 
borophagine phylogeny became possible 
with the support from the National Science 
Foundation to Wang and Tedford. As Wang 
joined this latest collaboration, all specimens 
in the Taylor and Tedford manuscript were 
critically reexamined once again and addi¬ 
tional material from more recent collections 
in several institutions was added to the hy- 
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podigm. Although the resulting phylogeny is 
in many ways consistent with the main 
framework of the Taylor and Tedford man¬ 
uscript, significant differences exist in the 
number of taxa recognized, contents of hy- 
podigms, and positions of some clades. In 
addition, descriptive sections for all taxa 
have been added. In the final stage of collab¬ 
oration, the two senior authors did not at¬ 
tempt to persuade Taylor to share the views 
expressed in the present form, which differs 
substantially from his previous manuscript, 
and therefore they must bear responsibility 
for all of the errors in this monograph. 

As the final product of a long search for a 
historical explanation of a complex group of 
carnivorans, this monograph represents the 
fruit of labors of three generations. The evo¬ 
lution of the ideas in each generation broadly 
reflects its own times in phylogenetic meth¬ 
odology and in the state of knowledge of par¬ 
ticular taxa. The task of assembling all rele¬ 
vant information, morphologic and strati¬ 
graphic, on thousands of specimens proved 
to be daunting even with the energetic pur¬ 
suit of the three generations. Although every 
effort was made to examine all relevant ma¬ 
terials, we undoubtedly have missed some 
and probably misidentified others. While 
there surely are alternative hypotheses that 
we did not fully explore, especially in ways 
of constructing species, we are confident of 
the essential validity and internal consistency 
of our phylogeny given the current state of 
knowledge. 
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HAFO Hagerman Fossil Beds National 
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University of Kansas, Lawrence 
LACM Natural History Museum of Los 
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LACM-CIT California Institute of Technology, 
now in the collection of the 
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MCZ Museum of Comparative Zoology, 

Harvard University, Cambridge 
MSU Midwestern State University, 
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UA University of Arizona, Tucson 

UCMP Museum of Paleontology, Univer¬ 
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UCM University of Colorado Museum, 
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vey, Tallahassee, now part of the 
University of Florida collection 
UM University of Michigan, Ann Arbor 

UMMP University of Montana Museum of 

Paleontology. Missoula 
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UNM University of New Mexico, Al¬ 
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UNSM Nebraska State Museum, Univer¬ 

sity of Nebraska. Lincoln 
UO University of Oregon Condon Mu¬ 

seum of Geology, Eugene 
USGS D United States Geological Survey, 
Denver register 

USGS M United States Geological Survey, 

Menlo Park register 

USNM United States National Museum of 

Natural History, Smithsonian In¬ 
stitution, Washington, D.C. 

UW University of Wyoming, Laramie 

UWBM University of Washington Burke 

Museum, Seattle 

WTSU West Texas A&M University, for¬ 

merly WTM, West Texas State 
University Museum, Canyon 
YPM Yale Peabody Museum of Natural 

History, Yale University, New Ha¬ 
ven 

YPM-PU Princeton University Natural His¬ 

tory Museum, now in the collec¬ 
tion of the YPM 
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OF STUDY 
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genera based on this material, Aelurodon and 
Epicyon, thus beginning a series of discover¬ 
ies of the “hyenoid dogs” in the Tertiary of 
North America. In the ensuing decades 


Canidae Procyonidae Ursidae 



(1930). Some taxa are substituted with current usages (e.g., Tomarctus for Tephrocyon, Borophagus for 
Hyaenognathus). 
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TABLE 1 

Previous Classifications (or Phylogenies Modified into Classifications) of Borophagine Canids 


1. Cope (1883: 247) 

Family Canidae 

Basal lineage 

Megalotis (= Otocyon) 

Amphicyon 

Galecynus (= Cormocyon sensu Cope) 
Galecynus—Hyaenocyon lineage 
Temnocyon (including Mesocyon) 

Enhydrocyon 

Hyaenocyon (= Enhydrocyon ) 

Galecynus—Aelurodon lineage 
Canis 
Aelurodon 

Oligobunis and others 

2. Scott (1895: 75) 

Cynoids 

Miacis—Cynodictis lineage 
Cynodictis (= Hesperocyon) 

Miacis—Canids lineage 
Daphoenus 
Temnocyon 
Cynodesmus 
Aelurodon 
Canis 

3. Wortman and Matthew (1899: 139, taken from 
phylogeny) 

Family Canidae 

Uintacyon—Cuon lineage 
Daphoenus 
Enhydrocyon 
Hyaenocyon 
Temnocyon 
Cuon 

Procynodictis—Canis lineage 

Cynodictis (= Hesperocyon ) lippincottianus 
Cynodesmus 

Hypotemnodon = Mesocyon 
Canis 

Vulpavus—Nothocyon lineage 

Cynodictis (= Hesperocyon ) gregarius 
Nothocyon (= Cormocyon) 

4. Matthew (1930: 132, taken from phylogeny in fig. 
1, canid part only) 

Family Canidae 

Miacis—Cuon lineage (trenchant talonid) 
Temnocyon 
Enhydrocyon 
Cuon 

Miacis—Canis lineage (basined talonid) 

Cynodictis 

Cynodesmus (= Tomarctus thomsoni) 
Tephrocyon (= Tomarctus) 

Vulpes 

Canis 

Aelurodon 

Osteoborus 

Borophagus 


5. Loomis (1936: 50, taken from phylogeny in fig. 6) 
Canids with trenchant talonid 

Daphoenus—Amphicyon group (amphicyonids) 
Temnocyon group 
Temnocyon 
Cuon 

Icticyon (= Speothos) 

Lycaon 

Mesocyon group 
Mesocyon 
Enhydrocyon group 
Brachyrhynchocyon 
Enhydrocyon 

Canids with basined talonid 
Nothocyon group 

Cynodictis (= Hesperocyon) 

Nothocyon (= Cormocyon) 

Cynodesmus (sensu stricto for Tomarctus 
thomsoni) 

Tomarctus 

Canis 

Tephrocyon group 
Tephrocyon 
Aelurodon group 
Aelurodon 
Borophagus 
Hyaenognathus 
Pliocyon 

Allocyon group (ursids) 

Allocyon 

Hemicyon 

6. VanderHoof and Gregory (1940: 144) 

Hyaenoid dogs 

Cynodesmus 

Tomarctus (including Tephrocyon) 

Aelurodon 

Osteoborus 

Borophagus (including Hyaenognathus and 
Porthocyon) 

7. Simpson (1945: 108-111, in part) 

Superfamily Canoidea 

Family Canidae 
Subfamily Caninae 
Cynodictis 

Pseudocynodictis (= Hesperocyon) 
Nothocyon (= Cormocyon) 

Cynodesmus 

Mesocyon 

Tomarctus 

Leptocyon 

Subfamily Simocyoninae 
Brachyrhynchocyon 
Enhydrocyon 
Philotrox 
Euoplocyon 
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TABLE 1— (Continued) 


Subfamily Borophaginae 
Aelurodon 

Borocyon (= Daphoenodon ) 

Borophagus 

Gobicyon 

Hadrocyon 

Osteoborus 

Pliocyon 

Pliogulo 

8. Macdonald (1963: 201, taken from phylogeny in 
fig. 23) 

Trenchant talonid group 
Hesperocyon 
Mesocyon 
Enhydrocyon 
Sunkahetanka 
Basined talonid group 
Nothocyon 
Cynodesmus 
Neocynodesmus 
Tomarctus 

Other Borophaginae unspecified 

9. Tedford (1978) 

Family Canidae 

Subfamily Hesperocyoninae 
Hesperocyon 
Mesocyon 
Enhydrocyon 
Subfamily Borophaginae 
Nothocyon (= Cormocyon) 

Tomarctus 

Cynarctus 

Prohyaena (= Aelurodon ) 

Aelurodon (= Epicyon) 

Osteoborus 

Borophagus 


Subfamily Caninae 
Leptocyon 
Vulpes 
Nyctereutes 
Canis 
Lycaon 

10. Munthe (1989: fig. 1) 

Subfamily Borophaginae 

Tomarctus sensu lato 

Euoplocyon 

Cynarctus 

Carpocyon 

Aelurodon 

Strobodon 

Epicyon 

Osteoborus 

Borophagus 

11. McKenna and Bell (1997: 244-245) 
Infraorder Cynoidea 

Family Canidae 

Subfamily Borophaginae 
Oxetocyon 
Cormocyon 
Euoplocyon 
Phlaocyon 
Tomarctus 
Aletocyon 
Bassarriscops 
Cynarctoides 
Strobodon 
Aelurodon 
Carpocyon 
Epicyon 
Cynarctus 
Osteoborus 
Borophagus 


around the turn of the twentieth century, ge¬ 
neric names such as Tomarctus (Cope, 1873), 
Tephrocyon (Merriam, 1906), and Boropha¬ 
gus (Cope, 1892) became well established in 
the literature. Taxonomic studies during this 
early period were mainly revisions of individ¬ 
ual genera, e.g., Tomarctus (including Te¬ 
phrocyon) by Matthew (1924), Borophagus 
(including Hyaenognathus ) by Matthew and 
Stirton (1930), Osteoborus by Stirton and 
VanderHoof (1933), and Aelurodon by 
VanderHoof and Gregory (1940). Although 
these forms were frequently compared with 
one another or linked together in phylogenies 
(Matthew, 1924, 1930; VanderHoof and 
Gregory, 1940; McGrew, 1935; fig. 1), there 
was no explicit proposal to include them in a 
higher taxon, other than with informal refer¬ 
ences such as “hyenoid dogs.” 


In his influential classification of mammals, 
Simpson (1945: 111) listed seven extinct gen¬ 
era under a newly erected subfamily Boro¬ 
phaginae: Borocyon, Aelurodon, Gobicyon, 
Pliocyon, Osteoborus, Pliogulo, and Boro¬ 
phagus, with an additional genus, Hadrocyon, 
as Borophaginae incertae sedis. Simpson 
(1945: 224) informally defined his new sub¬ 
family as including “large, later Tertiary ca¬ 
nids with heavy jaws, rather distantly conver¬ 
gent toward the hyenas and so sometimes 
called ‘hyenoid dogs.’ ” Although Simpson 
considered that borophagines might be poly- 
phyletic “in detailed origin,” citing the study 
by VanderHoof and Gregory (1940) as evi¬ 
dence, he nonetheless concluded that the in¬ 
cluded genera “must have had a common or¬ 
igin very little, if at all, before the rise of the 
morphological family” (Simpson, 1945: 224). 
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Of his original list of seven genera, four are 
now commonly regarded to be amphicyonids: 
Borocyon, Gobicyon, Hadrocyon, and Plio- 
cyon. The remaining three genera, Aelurodon, 
Osteoborus, and Borophagus (including Pli- 
ogulo), were generally considered a natural 
group, in so far as higher level relationships 
of Canidae are concerned. More recent taxo¬ 
nomic studies of borophagines were mostly 
limited to these few highly hypercarnivorous 
forms plus a few mesocamivorous forms such 
as Tomarctus (Williams, 1967; Dalquest, 
1968; Webb, 1969b; Richey, 1979). A sum¬ 
mary of previous classifications is presented 
in table 1. 

Earlier studies of canid phylogeny gener¬ 
ally follow a theme of bipartite division 
based on talonid structure of the lower car- 
nassial, i.e., those with a basined, bicuspid 
talonid vs. those with a trenchant, unicuspid 
talonid, as championed by Matthew (1924, 
1930) and followed until rather recently (e.g., 
Macdonald, 1963). A strict adherence to this 
dichotomy had led Matthew (1924, 1930) to 
divide the entire Canidae (plus some noncan¬ 
ids) into these two main categories, and to 
envision a highly heterogeneous group with 
trenchant talonids that includes such distantly 
related taxa as Temnocyon (an Arikareean 
amphicyonid), Enhydrocyon (an Arikareean 
hesperocyonine), and Cuon (Asiatic dhole, a 
living canine). 

The concept of the Borophaginae was gen¬ 
erally confined to a few highly specialized, 
bone-eating, hyenoid dogs until a brief re¬ 
view by Tedford (1978), who proposed a 
phylogenetic framework of selected genera 
of fossil and living canids. Two of his critical 
points are relevant in the present project. 
First, a tripartite division of the Canidae was 
proposed, which included the existing sub¬ 
families Borophaginae and Caninae, and a 
new, more primitive, subfamily Hespero- 
cyoninae. Such a division of canids has since 
been more or less adopted by contemporary 
vertebrate systematists (Berta, 1988; Martin, 
1989; Munthe, 1989, 1998; Wang, 1990, 
1994; Van Valkenburgh, 1991). The central 
concept of this phylogeny envisions three 
successive, partially overlapping radiations 
of canids replacing each other during the Ter¬ 
tiary (fig. 2). The earliest radiation is repre¬ 
sented by the hesperocyonines, which first 


Cynoidea Arctoidea 


Canidae 



visions of the Canidae and their temporal ranges. 
Relationships with other Caniformia are as devel¬ 
oped in Wang and Tedford (1994: fig. 9). 


appeared in the late Eocene (Duchesnean, 
about 40 Ma) of North America, flourished 
during the Arikareean—Hemingfordian, and 
became extinct in the early Barstovian 
(Wang, 1994). During the Orellan, two line¬ 
ages arose from Hesperocyon. One is repre¬ 
sented by small fox-sized, Cormocyon-tike 
animals that eventually gave rise to the bor¬ 
ophagines. The other lineage is represented 
by Leptocyon, which became the precursor 
of the canines (including all living canids). 
The borophagines diversified before the ca¬ 
nines, attained their maximal species richness 
during the Clarendonian, and became extinct 
by the start of the Pleistocene. The canines, 
on the other hand, maintained an inconspic¬ 
uous presence during much of this time and 
did not achieve their present diversity until 
they had successfully dispersed into the Old 
World and South America in the Plio-Pleis- 
tocene. 
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Hesperocyonines Borophagines 


Canines 



Fig. 3. Phylogeny of Canidae proposed by R. H. Tedford (redrawn from Tedford, 1978). Some taxa 
are substituted with current usages (e.g., Cormocyon for Nothocyon, Aelurodon for Prohyaena , Epicyon 
for Aelurodon). 


Second, Tedford (1978: fig. 3) broadened 
the original concept of the Borophaginae 
(Simpson, 1945) to include such stem taxa as 
Cormocyon (formerly Nothocyon, see Wang 
and Tedford, 1992) and Tomarctus (formerly 
including Cynodesmus ), as well as hypocar- 
nivorous taxa such as Phlaocyon and Cy- 
narctus. The small, generalized borophagines 
Tomarctus and Cormocyon had previously 
been regarded as directly ancestral to both 
the living canines as well as the derived bor¬ 
ophagines (Matthew, 1924, 1930). The hy- 
pocarnivorous Phlaocyon and Cynarctus, on 
the other hand, were formerly thought to be 
related to the procyonids (the raccoon fami¬ 
ly), again on the basis of dental similarities 
only (Wortman and Matthew, 1899; Mat¬ 
thew, 1930; McGrew, 1937, 1941; Simpson, 
1945), but were later conclusively demon¬ 
strated to be canids by Hough (1948) and 
Dahr (1949). A recent update by McKenna 
and Bell (1997: 244) on the Simpson’s 1945 
classification of Borophaginae has signifi¬ 


cantly expanded the original list of genera 
and is largely consistent with that proposed 
in this paper. 

Munthe (1979, 1989) studied the function¬ 
al morphology of borophagine postcranial 
skeletons. Her systematic framework is 
broadly consistent with that presented here, 
although her selected taxa are limited to a 
few forms that have adequate postcranial ma¬ 
terials (see table 1). Munthe found a diverse 
array of postcranial adaptations among bor¬ 
ophagines, in contrast to the stereotypical 
view that these hyenoid dogs were noncur- 
sorial, bone-crushing scavengers. Besides the 
obvious reason of better or more complete 
postcranial materials available, this is partly 
due to her modern view of borophagine sys- 
tematics (see also Munthe, 1998), i.e., some 
of the included meso- and hypocarnivorous 
taxa were simply not considered borophagi¬ 
nes in the past. The spectrum of cursorial 
capabilities and trophic adaptations is surely 
further enlarged in light of a much larger 
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content of the Borophaginae identified in this 
study (Munthe began her analysis with “To- 
marctus ” thomsoni as the most primitive 


borophagine and did not attempt to study 
such basal forms as Archaeocyon, Cormo- 
cyon, Phlaocyon, Cynarctoides, etc.). 


MATERIALS AND METHODS 


SCOPE 

Because their specimens are usually the 
most common carnivorans in the middle to 
late Tertiary of North America, borophagines 
are present in nearly every institution hous¬ 
ing a collection of Tertiary mammals. Al¬ 
though a completely exhaustive study is not 
practical, every effort was made to ensure a 
comprehensive review of all significant col¬ 
lections and all published materials, through 
loans, casts, or personal visits by at least one 
of us. Despite the fact that material comes 
from nearly 40 present or former institutions 
(see list under Institutional Abbreviations), 
the Frick Collection at the American Muse¬ 
um of Natural History comprises the largest 
single collection of borophagines and consti¬ 
tutes our primary database. 

SPECIES DETERMINATION 

Morphological criteria are the only avail¬ 
able means for discrimination of fossil spe¬ 
cies. Most species can be distinguished by a 
combination of qualitative and quantitative 
characters and morphometries. Discontinuity 
in the morphospace is still a convenient cri¬ 
terion in species discrimination, whose use¬ 
fulness has been demonstrated in recent stud¬ 
ies of living sympatric canids (Dayan et al., 
1989, 1992). In these studies, the lower car- 
nassial length of coexisting species of desert 
canids in the Middle East was found to differ 
by approximately 18%, which was postulated 
to reflect character displacement in niche par¬ 
titioning. Such a living analog can be use¬ 
fully applied in fossil canids (e.g., Wang, 
1994). 

Studies of morphological variation in liv¬ 
ing canids also offer quantitative guides for 
the present study (e.g., Lawrence and Bos- 
sert, 1967, 1975; Kolenosky and Standfield, 
1975; Clutton-Brock et al., 1976; Nowak, 
1979). Species delineations, however, are 
rarely completely precise when variations 
through geologic range and among different 


geographic regions are intermingled in large 
samples. Quantitative variations typically in¬ 
clude one or more components, such as on¬ 
togenetic, sexual, geographic, and geologic 
variation. The latter often entails a moderate 
amount of size increase over the life-span of 
a species. Our evaluations of morphological 
variation in borophagines indicate that coef¬ 
ficients of variance in lower carnassial 
lengths generally fall within a range of 4 to 
7, comparable to those in the hesperocyoni- 
nes and living canids. Larger values would 
thus signal the possibility of a mixed sample, 
although allowance is sometimes made for 
cases in widespread taxa with long durations 
that have undergone noticeable size change. 
Furthermore, divisions of chronospecies 
along an anagenetic lineage (morphological 
change without cladogenetic event) contain a 
certain degree of arbitrariness when the fossil 
record is more or less continuous. Geological 
hiatuses sometimes serve as convenient 
breaks but may later be shown to be artifacts 
of poor records when transitional samples are 
obtained. 

Except in rare cases when fossil material 
can be positively sexed through association 
of a baculum (e.g., some skeletons of Des- 
mocyon thomsoni and Carpocyon compres- 
sus ), sexual identity in most instances can 
only be inferred from a few dental and os- 
teological features, most of which are quite 
subtle and thus do not offer unambiguous 
identification. Sexual dimorphism of canids 
is relatively subtle and appears strongly con¬ 
strained by the phylogeny, in contrast to the 
markedly more dimorphic arctoids (Gittle- 
man and Van Valkenburgh, 1997). Dimor¬ 
phisms in cranial and dental measurements 
of living canids range from 3 to 6% in Vulpes 
(Churcher, 1960; Gingerich and Winkler, 
1979; Dayan et al., 1989, 1992; Gittleman 
and Van Valkenburgh, 1997; personal obs.), 
3 to 8% in Canis (Jolicoeur, 1975; Gittleman 
and Van Valkenburgh, 1997), and nearly 0% 
in Urocyon (Gittleman and Van Valken- 
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burgh, 1997; personal obs.); such differences 
are often well within the adult size variation 
of the population as a whole. Qualitatively, 
males of living canids tend to have slightly 
stronger canines, broader and deeper muz¬ 
zles, more robust jaws, stronger postorbital 
processes and sagittal crest, and possibly 
broadly concave caudal edge of pubis (Mun- 
the, 1989; Gittleman and Van Valkenburgh, 
1997; personal obs.). Such morphological 
tendencies are useful as a general guide for 
allowance of intraspecific variation. 

TAXONOMIC NOMENCLATURE 

Ideally, higher level nomenclatures (genus 
and above) should be consistent with phy¬ 
logenetic relationships. Traditional usage of 
some generic names, e.g., Tomarctus and 
Cormocyon (formerly Nothocyon), often re¬ 
flects an evolutionary grade rather than strict 
genealogical relationships. For the most part, 
we use generic names for monophyletic 
clades only, although it is not practical to 
completely eliminate paraphyletic taxa. In 
fact, some species, as defined in this study, 
represent segments of a single lineage, and 
as such, recognition of more than one species 
along a continuous spectrum of morpholog¬ 
ical change is necessarily arbitrary and par¬ 
aphyletic. Thus we do not designate a genus 
for every pectinated species unless it repre¬ 
sents a distinct lineage (usually supported by 
autapomorphies) from adjacent species. 

Above the generic level, we use the ranks 
of tribe or subtribe for several well-defined 
clades (e.g., Phlaocyonini, Cynarctina, Ae- 
lurodontina, and Borophagina) that represent 
specializations toward hypo- or hypercar- 
nivory. These names are also convenient for 
discussions about relationships or functional 
morphology. However, we do not attempt to 
assign every taxon to a tribe or subtribe, 
leaving segments of pectinated clades with¬ 
out a higher level designation, except that 
they are within the subfamily Borophaginae. 

Throughout the text we frequently use the 
conventional terms “primitive” or “de¬ 
rived” to describe certain taxa. These terms 
are convenient in discussions about relation¬ 
ships between phylogenetic positions and 
morphological features. It should be obvious 
that the relative primitiveness or derivedness 


of a taxon is defined within the context of 
our phylogeny. 

FORMAT 

Owing to the large number of species and 
specimens involved in this study, as well as 
our emphasis on phylogenetic relationships, 
we adopt an abbreviated format for econom¬ 
ical presentation of morphological informa¬ 
tion. Instead of the traditional bone-by-bone 
and tooth-by-tooth descriptions, we figure ah 
historically important specimens (types) as 
well as anatomically well-preserved ones. In 
most instances, we illustrate multiple speci¬ 
mens for each species so that they comple¬ 
ment each other in anatomical details and 
permit a sense of variations. The illustrations 
are done in a consistent manner to enable the 
reader to make certain morphological com¬ 
parisons directly. The subtler proportional 
differences are more easily demonstrated in 
the log-ratio diagrams (sensu Simpson, 1941) 
that we compile for all species described in 
this paper. These proportional relationships 
can also be examined in tables of cranial and 
dental measurements presented in appendices 
II and 111. In the tables for dental measure¬ 
ments, we list measurements for the holotype 
as well as all primary statistics to show quan¬ 
titative variations. In the tables for cranial 
measurements, on the other hand, we present 
the original data, since measurable skulls are 
far more rare than are dental specimens. To¬ 
gether, the illustrations, ratio diagrams, and 
tables of measurements comprise the primary 
database for morphological information on 
all taxa. To supplement this system, we 
sometimes make brief comparisons among 
related species on relevant features that are 
not easily gathered from the above sources, 
or we note qualitative variations in a section 
labeled “Description and Comparison” un¬ 
der each species. Finally, a “Discussion” 
section is used to briefly comment on the 
phylogenetic implications and/or other im¬ 
portant information about the taxon. Like¬ 
wise, historical developments of each taxon 
are not presented in great detail. Instead, we 
strive to provide a comprehensive synonym 
list for past references of all taxa whenever 
an author’s concept of the taxon is unambig¬ 
uous (i.e., not just taxonomic lists). Readers 
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can thus look for such information from the 
synonym lists. We hope that this system is a 
viable alternative to detailed verbal descrip¬ 
tions and that it forms an adequate basis from 
which the reader can verify the data matrix 
in the phylogenetic analysis. 

We attempt to make the diagnoses close 
reflections of our phylogenetic framework. 
However, the purpose of our diagnoses is to 
contrast and delineate closely related taxa 
and is not meant to be a mirror image of the 
characters mapped on the phylogenetic tree. 
Thus, while we point out the polarities of the 
diagnostic features whenever possible, these 
features tend to be more descriptive than are 
the characters coded in the matrix or mapped 
on the phylogenetic tree, and a character 
complex, sometimes coded as one character, 
may be split into several diagnostic features. 
In addition, the diagnosis is more directed 
toward contrasts of anatomies from actual 
materials rather than the assumed character 
transformations for missing data as demand¬ 
ed by the phylogenetic algorithm. 

CHRONOLOGICAL FRAMEWORK 

The time scale used in this work to cali¬ 
brate the geologic ranges of borophagine (fig. 
141) is derived from data in Tedford et al. 
(1987) as modified by new knowledge of the 
position of epoch boundaries and the place¬ 
ment of the boundaries of the North Ameri¬ 
can Land Mammal ages (NALMa). 

A significant reinterpretation of the posi¬ 
tion of the Eocene—Oligocene boundary plac¬ 
es it now at about 34 Ma at the Chadronian— 
Orellan NALMa boundary (Prothero and 
Swisher, 1992). The revision of the geomag¬ 
netic polarity timescale (Cande and Kent, 
1995) yields an Oligocene—Miocene bound¬ 
ary at 24 Ma (rounded from 23.8 Ma), a 
Miocene—Pliocene boundary of 5 Ma (round¬ 
ed from 5.4 Ma), and a Pliocene—Pleistocene 
boundary of 1.8 Ma. 

Continuing calibration of the NALMa us¬ 
ing newly gathered correlations with the geo¬ 
magnetic polarity timescale of Cande and 
Kent (1992, 1995) now allows placement of 
the Chadronian—Orellan boundary (Prothero 
and Swisher, 1992) nearly identical to the 
Eocene—Oligocene boundary at 34 Ma, the 
Orellan—Whitneyan boundary (Prothero and 


Swisher, 1992, Tedford et al., 1996) at 32 Ma 
(rounded from 32.2 Ma), the Whitneyan— 
Arikareean boundary (Tedford et al., 1996) 
at 30 Ma (30.1 Ma), the Arikareean-Hem- 
ingfordian boundary (MacFadden and Hunt, 
in press) at 19 Ma, the Hemingfordian—Bar- 
stovian boundary at 16 Ma (15.9 Ma), the 
Barstovian—Clarendonian boundary (data 
discussed in Whistler and Burbank, 1992) 
about 12 Ma, the Clarendonian—Hemphillian 
boundary (see Whistler and Burbank, 1992) 
about 9 Ma, the Hemphillian—Blancan 
boundary (Repenning, 1987) at 5 Ma (ap¬ 
proximately at the top of the Therra subchron 
within the Gilbert chron), and the Blancan— 
Irvingtonian boundary (Repenning, 1987) at 
2 Ma (base of the Olduvai subchron, 1.95 
Ma, within the Matuyama chron). 

Subdivision of the NALMa follows the def¬ 
inition and characterization proposed by Ted¬ 
ford et al. (1987). Although the content of 
these subdivisions remains valid, calibration 
of their boundaries needs revision following 
reassessment of the ages of the NALMa 
boundaries. Work on the Whitneyan—Arika¬ 
reean transition (Tedford et al., 1996) provid¬ 
ed an approximate data on the faunal turn¬ 
over marking the beginning of the medial 
Arikareean at 28 Ma. A 4-m.y.-long episode 
follows that lacks biochronologic typification 
but ends approximately at the beginning of 
the Miocene (late Arikareean) at 24 Ma. The 
Hemingfordian is divided into two parts. The 
first by immigration events and the second 
by the explosive cladogenesis of equine hors¬ 
es at approximately 17.5 Ma. Likewise, the 
Barstovian is divided into two parts with the 
rise of the medial Miocene Great Plains 
chronofauna at about 14.8 Ma. The Claren¬ 
donian is divided at about 10 Ma by the im¬ 
migration of shovel-tusk mastodonts. A two¬ 
fold division of the Hemphillian recognizes 
the increase in immigrants during the later 
part of the age beginning around 7 Ma. We 
have chosen to divide the Blancan at approx¬ 
imately 4 Ma at the boundary between Blan¬ 
can 11 and III of Repenning (1987), placed 
in the late Gilbert above the Cochiti subchron 
recording the first appearance of muskrats in 
mid-latitude North America. 

The geochrons of the taxa shown in the 
phylogenetic chart (fig. 141) were estab¬ 
lished using the above criteria and other spe- 
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cific chronological data related to their oc¬ 
currence (stratigraphic association with ra- 
dioisotopically dated rocks or relevant mag¬ 
netostratigraphy). In some cases the precise 
position in time of the site or fauna contain¬ 
ing borophagines is established by biological 
correlation with other sites with better chro¬ 
nological data. In cases where the taxon is a 
member of a fauna characteristic of a whole 
stratigraphic unit, the chronological limit of 
that unit is used as the temporal span of the 
taxon. These conventions will lead to some 
over-estimation of the geologic ranges for 
some taxa, which should be born in mind 
when assessing the average species longevity 
for the borophagines. 

DEFINITIONS 

Unless otherwise stated, anatomical ter¬ 
minology, particularly the soft anatomy, fol¬ 
lows that of Evans and Christensen (1979). 
The notation for dental formula is as follows: 
II 12 13 Cl PI P2 P3 P4 Ml M2 for upper 
teeth and il i2 i3 cl pi p2 p3 p4 ml m2 m3 
for lower teeth. Dental nomenclature follows 
Van Valen (1966). Frequently used terms are 
defined in figure 4. Most of these represent 
conventional usage that needs no further ex¬ 
planation. We use the term hypocone in the 
upper molars, whether it is a discrete, conate 
cusp arising from the lingual cingulum as in 
certain hypocarnivorous lineages, or is sim¬ 


ply an enlargement of the internal (lingual) 
cingulum as is the primitive condition for all 
canids. Such usage is different from that in 
the hesperocyonine volume (Wang, 1994), in 
which the term internal cingulum is used to 
indicate its homology with the structure in 
the miacoid carnivorans. 

The terms hyper- and hypocarnivory, con¬ 
venient concepts for describing dental adap¬ 
tation in carnivorans, were proposed by Cru- 
safont-Pairo and Truyols-Santonja (1956) on 
the basis of two angles on the upper and low¬ 
er carnassial teeth. Our own use of these 
terms, however, is somewhat broader in 
meaning, not limited to the tooth angles of 
their original definition, and refers to the 
dental tendencies that emphasize shearing vs. 
grinding functions. By hypercarnivory we 
mean any dental tendency toward increased 
efficiency in shearing, which in canids com¬ 
monly involves elongated shearing blade of 
carnassial teeth, reduction or loss of ml 
metaconid, shortened and simplified ml tal- 
onid, reduction of M2 and m2—m3. In con¬ 
trast, hypocarnivorous tendencies include 
shortening of shearing blade, as well as en¬ 
largement and increasing complexity of 
grinding part of the dentition (ml talonid and 
m2—m3). We also employ the coordinate 
term mesocarnivory to indicate a dentition 
lacking these specializations. Mesocarnivo- 
rous canids approach the primitive condition 
in dental structure. 


SYSTEMATIC PALEONTOLOGY 


CLASS MAMMALIA LINNAEUS, 1785 
ORDER CARNIVORA BOWDICH, 1821 
SUBORDER CANIFORMIA KRETZOI, 1943 
INFRAORDER CYNOIDEA FLOWER, 1869 
FAMILY CANIDAE FISCHER DE WALDHEIM, 1817 

Included Subfamilies: Hesperocyoninae 
Martin, 1989; Borophaginae Simpson, 1945; 
and Caninae Fischer de Waldheim, 1817. 

Diagnosis: The following synapomorphies 
uniting the canid clade are present in Pro- 
hesperocyon and Hesperocyon, the most bas¬ 
al members of the Canidae, although some 
of the characters are further modified in later 
and more derived taxa: presence of a low 
septum derived from the entotympanic bor¬ 
dering the suture of the ectotympanic with 


the caudal entotympanic; presence of a small 
and shallow suprameatal fossa; presence of 
an inflated entotympanic bulla; medial ex¬ 
pansion of the petrosal in full contact with 
the basioccipital and basisphenoid; ossifica¬ 
tion of the tegmen tympani; extrabullar po¬ 
sition of the internal carotid artery and loss 
of the stapedial artery; presence of posterior 
accessory cusps on the upper and lower third 
premolars; reduction of the Ml parastyle; 
and loss of the M3. 

Discussion: Phylogenetic analyses of bas¬ 
al cynoids and their higher taxonomic group¬ 
ing follow recent studies by us (Wang, 1994; 
Wang and Tedford, 1994, 1996). Thus de¬ 
fined, our concept of the Canidae, especially 
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metacone 


paracone 




principal cusp 


entoconulid 



anterior 
cingular cusp 


metaconid 


posterior 
cingular cusp 


paraconid 


posterior 

accessory 

cusp 



entoconid 


hypoconulid 


protoconid 


hypoconid 
cristid obliqua 


protostylid 

Fig. 4. Dental terminology for P4—Ml (upper part) and p4—ml (lower part) in the present study. 


as concerned with the extinct taxa, differs 
markedly from traditional treatments such as 
in Matthew (1924, 1930), Simpson (1945), 
and Piveteau (1961). Much of the difference 
can be attributed to a recent renewal of in¬ 
terest in the basicranial characters as a useful 
tool to unravel the fundamental relationships 
of caniform carnivores (see references cited 
in Wang and Tedford, 1994). The above ca¬ 
nid basicranial characters remain quite stable 
throughout the history of Canidae, with the 
exception of a highly modified middle ear in 
Otcirocyon, a new genus described below. 
We exclude amphicyonids from the Canidae 
because of their arctoid basicranium (Hough, 
1948; Ginsburg, 1966; Hunt, 1977). 


At the subfamily level, we follow a tri¬ 
partite division of the Canidae proposed by 
one of us (Tedford, 1978) and substantiated 
later (Wang and Tedford, 1996). Such a 
scheme has gained some recent acceptance 
(e.g., Martin, 1989), and forms the basic 
framework of canid phylogeny in this study. 
According to this phylogenetic framework, 
all living canids and closely related fossil 
taxa (such as Leptocyon Matthew, 1918 and 
Eucyon Tedford and Qiu, 1996) belong to the 
Subfamily Caninae, whose living members 
were recently analyzed by Tedford et al. 
(1995) and whose fossil members are being 
monographed by Tedford, Taylor, and Wang 
(ms). Among early diverging lineages, a 
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North American radiation of early canids 
from late Eocene to middle Miocene com¬ 
prises the Subfamily Hesperocyoninae, 
which was extensively treated by Wang 
(1994). Standing between the above two sub¬ 
families (both in terms of phylogeny and in 
ecological replacement) is the Borophaginae, 
the subject of this study. See further com¬ 
ments about the interrelationship of the three 
subfamilies of the Canidae in the Discussion 
section under the subfamily Borophaginae. 

SUBFAMILY BOROPHAGINAE 
SIMPSON, 1945 

Included Genera: Archaeocyon, new ge¬ 
nus; Oxetocyon Green, 1954; Otarocyon, 
new genus; Rhizocyon, new genus; Cynarc- 
toides McGrew, 1938a; Phlaocyon Matthew, 
1899; Cormocyon Wang and Tedford, 1992; 
Desmocyon, new genus; Paracynarctus, new 
genus; Cynarctus Matthew, 1902; Metato- 
marctus , new genus; Euoplocyon Matthew, 
1924; Pscilidocyon, new genus; Microto- 
marctus, new genus; Protomarctus , new ge¬ 
nus; Tephrocyon Merriam, 1906; Tomarctus 
Cope, 1873; Aelurodon Leidy, 1858; Para- 
tomarctus, new genus; Carpocyon Webb, 
1969b; Protepicyon, new genus; Epicyon 
Leidy, 1858; and Borophagus Cope, 1892. 

Distribution: Orellan through Blancan of 
North America and Hemphillian of Central 
America. 

Diagnosis: Borophagines and canines are 
distinguished from the hesperocyonines in 
further reduction of Ml parastyle, anteriorly 
extended lingual cingulum of Ml, basined 
talonid of the ml, and tall m2 metaconid rel¬ 
ative to protoconid. Compared to the canines, 
borophagines lack certain synapomorphies 
possessed by that subfamily: slender, elon¬ 
gated mandible, narrow and long premolars 
separated by diastemata, reduced or absent 
posterior accessory cusps on premolars, re¬ 
duced P4 protocone, elongated trigonid of 
ml, and elongated m2, although most of 
these characters have been independently ac¬ 
quired by some derived borophagines. Ex¬ 
cept for the basal species, many borophagi¬ 
nes progressively acquired additional syn¬ 
apomorphies that readily distinguish them 
from both hesperocyonine and canine canids: 
upper incisors with lateral cusps, more robust 


premolars with strong accessory cusps, pres¬ 
ence of a distinct parastyle on P4, quadrate 
Ml with enlarged metaconule, and strong 
posterior process of the premaxillary that 
eventually meets the frontal. 

Discussion: Although we exclude Boro- 
cyon, Gobicyon, and Pliocyon from Simp¬ 
son’s Borophaginae, we substantially expand 
his concept to include a much larger array of 
taxa. With the possible exception (see Phy¬ 
logeny section) of the three most basal gen¬ 
era ( Archaeocyon , Oxetocyon, and Otaro¬ 
cyon) our cladistic analysis suggests it is a 
monophyletic clade and a sister group of the 
Subfamily Caninae. 

The tendency toward a basined, bicuspid 
talonid on the ml appears to be a key inno¬ 
vation that initiates the borophagine and ca¬ 
nine clades. The elevation of the entoconid 
(from a primitively low ridge in Hespero- 
cyon ) to a cusp that, together with the hy- 
poconid, encloses the talonid basin is the first 
step toward an increased grinding function 
for the dentition. The basined talonid may 
have been the most critical structure that en¬ 
abled the early borophagines to avoid com¬ 
petition with the medium- to large-size hes¬ 
perocyonines that dominate the hypercar- 
nivorous niches—they were able to explore 
hypocarnivorous niches almost immediately 
after they diverged from Hesperocyon. Such 
a dental morphology forms the basis of re¬ 
peated evolution of hypocarnivorous denti¬ 
tions not only in borophagines (such as Cy- 
narctoides, Phlaocyon, Cynarctus, and Car¬ 
pocyon), but also in certain living canines 
(such as Urocyon and Nyctereutes). The ba¬ 
sined, bicuspid talonid is thus a key inno¬ 
vation similar to the development of hypo- 
cones in the upper dentitions of many orders 
of eutherian mammals (Hunter and Jernvall, 
1995). On the other hand, this basic talonid 
structure in the borophagines is noticeably 
modified toward more trenchant talonids in 
certain highly advanced taxa, such as Eu¬ 
oplocyon, Aelurodon, and Borophagus. 
These exceptions are clearly phylogenetic re¬ 
versals as a result of the repeated evolution 
of hypercarnivorous tendencies. 

Archaeocyon, new genus 

Type Species: Pseudocynodictis pavidus 
Stock, 1933. 
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Etymology: Greek: archaeo, beginning; 
cvon , dog. 

Included Species: A. pavidus (Stock, 
1933); A. leptodus (Schlaikjer, 1935); and A. 
falkenbachi , new species. 

Distribution: Whitneyan of Nebraska, 
South Dakota, and Wyoming; late Whitney 
or early Arikareean of California; early Ari- 
kareean of Nebraska, Wyoming, Montana, 
South Dakota, North Dakota, and Oregon; 
and medial Arikareean of Wyoming. 

Diagnosis: As a basal taxon in the Cani- 
nae—Borophaginae clade, Archaeocyon pos¬ 
sesses all the synapomorphies that unite 
these two subfamilies and differentiate them 
from the hesperocyonines: Ml parastyle 
weak. Ml lingual cingulum anteriorly ex¬ 
tended to surround protocone, basined tal- 
onid of ml, and m2 metaconid slightly high¬ 
er than protoconid. In contrast to the Caninae 
clade ( Leptocyon through living canids), Ar¬ 
chaeocyon lacks derived characters for that 
clade: a slender horizontal ramus, narrow and 
elongated premolars that are set apart by di- 
astemata, premolar posterior accessory cusps 
reduced or absent, reduced P4 protocone, 
more open trigonid of ml, and elongated m2. 
Archaeocyon remains primitive relative to 
most borophagines ( Rhizocyon and higher 
sister taxa) in its unenlarged auditory bulla, 
posteriorly oriented paroccipital process that 
does not articulate with the bulla (except in 
some of the latest individuals of A. pavidus), 
posteriorly restricted Ml hypocone, and M2 
lingual cingulum not connected to metaco- 
nule. 

Discussion: Phylogenetically, Archaeo¬ 
cyon is similar to Hesperocyon in its basal 
position to more than one clade. Hespero¬ 
cyon is a paraphyletic genus that includes 
species which gave rise to the common an¬ 
cestor of the Caninae—Borophaginae clade as 
well as to members of the Hesperocyoninae 
(Wang, 1994). Likewise, Archaeocyon is bas¬ 
al to both the Borophaginae and Caninae. 
Lacking a derived character of its own, Ar¬ 
chaeocyon is a paraphyletic genus that does 
not exhibit a clear morphological tendency 
toward either the Caninae or Borophaginae. 
Considering that the dental morphology of 
basal borophagines tends to be more conser¬ 
vative (i.e., more similar to Hesperocyon) 
than their counterparts in the canines (Lep¬ 


tocyon), we place Archaeocyon in the Boro¬ 
phaginae along with Oxetocyon and Otaro- 
cyon, which occupy a similarly ambiguous 
position in the cladogram. The earliest oc¬ 
currence of Leptocyon is in the Orellan 
(Wang and Tedford, 1996); records of Ar¬ 
chaeocyon postdate the Orellan. It is thus un¬ 
likely that Archaeocyon had given rise to the 
Caninae. Instead, the genus is morphologi¬ 
cally and stratigraphically in the right posi¬ 
tion to be the most basal member of the Bor¬ 
ophaginae. 

Of the few derived dental characters of Ar¬ 
chaeocyon (more basined talonid, expanded 
lingual cingulum on Ml, etc.), ah are pointed 
toward an initial tendency of hypocarnivory 
relative to the condition in Hesperocyon. 
Such a tendency enabled the early borophag¬ 
ines to exploit hypocarnivorous niches by¬ 
passed by the far more hypercarnivorous hes¬ 
perocyonines. 

Lacking any clearly defined morphological 
trends, the species of Archaeocyon do not 
easily lend themselves to cladistic analysis. 
This kind of difficulty is not uncommon in 
small, basal caniforms that are conservative 
in just about every aspect of their morphol¬ 
ogy and show little inclination toward hyper- 
or hypocarnivory (see Phylogeny section for 
further discussion). 

Archaeocyon pavidus (Stock, 1933) 
Figures 5, 6 

Pseudocynodictis (?) pavidus Stock. 1933: 31, pi. 

1, figs. 1-5. 

“ Hesperocyon” pavidus (Stock): Wang, 1994: 34 

(in part), fig. 11A-C. 

Cormocyon pavidus (Stock): Wang and Tedford, 

1996: 446 (in part), fig. 7. 

Holotype: LACM-CIT 466, crushed an¬ 
terior half of skull and mandible with left 
P2-M1, right P3-M2, left and right p2-m2, 
and alveoli for pi and m3 (Wang, 1994: fig. 
11 A, B), Kew Quarry Local Launa (LACM- 
CIT loc. 126), Las Posas Hills, Sespe Por- 
mation (late Whitneyan or early Arikareean), 
Ventura County, California. 

Referred Specimens: Prom type locality: 
LACM 1338, partial ramus with p4—ml; and 
LACM 5276, partial ramus with p3-ml. 

Whitneyan of northwestern Nebraska: P: 
AM 50338, partial left maxillary with 11-13, 
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P2—M2, and associated partial mandible with 
left and right cl—m3, 1 mi northeast of Crow 
Butte, Dawes County, 30 ft above a gray, 
ashy layer in Whitney Member of Brule For¬ 
mation; F:AM 63970 (Wang and Tedford, 
1996: fig. 7), crushed skull with 13—PI, P2 
broken-P4, M1-M2 both broken, both par¬ 
tial rami with cl—m3 (pi alveolus) (figs. 5 A— 
E, 6), articulated partial skeleton including 
atlas and incomplete vertebral column, hu¬ 
merus, radius, ulna, and distal end of femur 
through metatarsals 1—V, east side of Round¬ 
house Rock, 5 mi southwest of Bridgeport, 
Morrill County, 20 ft below contact of the 
Whitney and Horn members of the Brule 
Formation; F:AM 63976, right ramus frag¬ 
ment with m2—m3, Plunkett-Parson Locality, 
8 mi north of Harrison, Sioux County, below 
lower Whitney ash in a paleo-valley fill that 
cuts through the Orellan clays; F:AM 63990, 
partial left ramus with p4 broken—m2 and m3 
alveolus, northeast of Crow Butte, 30 ft 
above green layer, Dawes County; UNSM 
26142 (AMNH cast 96708), partial right ra¬ 
mus with p3 broken—m3. White River Group, 
probably Whitney Member of Brule Forma¬ 
tion, Scotts Bluff County. 

Whitneyan of southwestern South Dakota: 
F:AM 50342, fragment of left ramus with 
ml—m2, 6 mi southeast of Oelrichs, Fall Riv¬ 
er County, 20 ft above first gray nodule zone 
in Poleslide Member of Brule Formation; F: 
AM 63360, right ramus fragment with ml, 
0.25 mi west of Cedar Pass, Jackson County, 
in basal Poleslide Member, Brule Formation; 
and LACM 9602 (AMNH cast 129651), 
right ramal fragment with ml—m2, LACM 
loc. 1973, Godsell Ranch. 

Southeast corner of Sheep Mountain, up¬ 
permost part of Poleslide Member, Brule 
Lormation, 3 ft below base of Rockyford Ash 
(late Whitneyan), Shannon County, South 
Dakota: L:AM 63220, partial crushed skull 
with C1-M2 (Ml broken) and both partial 
rami with pi—m2 and m3 alveolus. 

Southeast corner of Sheep Mountain in 
lower part of Sharps Lormation (early Ari- 
kareean). Shannon County, South Dakota: L: 
AM 63221, articulated partial skull and man¬ 
dible with worn Cl—M2, mandible with cl 
(broken)—m3, articulated partial scapula 
through partial ulna, partial femur, and limb 
fragments, 15 ft above base of Rockyford 


Ash; and L:AM 63222, skull with 12 (bro¬ 
ken)—M2 (fig. 5L—I), left ramus with cl—m3 
(fig. 5J, K), humerus, distal end femur, partial 
scapula, and articulated cervical vertebrae, 
18 ft above the base of the Rockyford Ash. 

Picture Gorge 30, Blue Basin level 1, 
UCMP loc. V4849-1, Turtle Cove Member, 
John Day Lormation, Oregon: UCMP 76652, 
maxillary and mandible fragments with left 
Cl, P1-P2 alveoli, P3-M2, right P3-M2, left 
ml, and right p2—m2. 

Distribution: Whitneyan of Nebraska and 
South Dakota, early Arikareean of South Da¬ 
kota and Oregon, and late Whitneyan or ear¬ 
ly Arikareean of California. 

Emended Diagnosis: Archaeocyon pavi¬ 
dus lacks derived borophagine characters 
other than those uniting the Borophaginae 
and Caninae clades. Being possibly the most 
primitive member of the genus, A. pavidus 
possesses all the synapomorphies of Ar¬ 
chaeocyon as contrasted to the primitive con¬ 
ditions in the hesperocyonines: reduced Ml 
parastyle, anteriorly extended lingual cingu¬ 
lum on Ml, incipient development of ba- 
sined talonid on ml, and tall m2 metaconid. 
A. pavidus has an autapomorphy that distin¬ 
guishes it from other species of the genus: 
presence of a lateral groove on the lower ca¬ 
nine. Additionally, it is distinguished from A. 
leptodus in its smaller size and shorter ml, 
and from A. falkenbachi in its unshortened 
rostrum. A. pavidus differs from Rhizocyon 
oregonensis in having a smaller size, narrow¬ 
er upper molars, and M2 lingual cingulum 
not connected to metaconule. 

Description and Comparison: A detailed 
description of dental morphology of this spe¬ 
cies can be found in Wang (1994: fig. 11A, 
B). A significant addition of new material to 
the present study is four complete or partial 
skulls and skeletons from the latest Whitney¬ 
an to earliest Arikareean of Nebraska and 
South Dakota (figs. 5, 6). As expected from 
its phylogenetic position, Archaeocyon pav¬ 
idus differs little from a small Hesperocyon. 
It retains an uninflated auditory bulla, a small 
suprameatal fossa, a posteriorly oriented par- 
occipital process, and relatively small brain- 
case, all of which are primitive characters 
present in basal canids such as Prohespero- 
cyon and Hesperocyon. A slightly enlarged 
bulla and ventrally oriented paroccipital pro- 
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Fig. 5. Archaeocyon pavidus. A, Upper teeth, B, lateral and C, ventral views of skull, D, lower teeth, and E, ramus of F:AM 63970 (II, PI, 
lingual parts of M1-M2, cl, and paroccipital process reversed front right side), east side of Roundhouse Rock, Whitney Member, Brule Formation 
(Whitneyan), Morrill County, Nebraska. F, Upper teeth, G, lateral, H, ventral, and I, dorsal views of skull, J, lower teeth, and K, rantus of F: 
AM 63222, Sheep Mountain, lower part of Sharps Formation (early Arikareean), Shannon County, South Dakota. The longer (upper) scale is for 
A, D, F, and J, and the shorter (lower) scale is for the rest. 
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Fig. 6. Partial articulated skeleton of Archaeocyon pavidus , F:AM 63970 (skull reversed from that 
of the left side), east side of Roundhouse Rock, Whitney Member, Brule Formation (Whitneyan), Morrill 
County, Nebraska. Photograph by Lorraine Meeker. 


cess in individuals from the latest Whitneyan 
through earliest Arikareean of South Dakota 
indicate their slightly more derived mor¬ 
phology relative to individuals of older geo¬ 
logic age. The paroccipital process in the 
South Dakota specimens, although fully bent 
toward the ventral side, is still only partially 
fused with the bulla, i.e., there is a free tip 
at the distal end (fig. 5G). 

Archaeocyon pavidus is smaller than Hes- 
perocyon gregarius. Additionally, it has ac¬ 
quired some subtle dental features that signal 
its advance toward the Caninae—Borophagi- 
nae clade. A. pavidus is less hypercarnivo- 
rous than Hesperocyon, as is reflected in its 
slight increase in grinding dentition such as 
broadening of the Ml by reduction of the 
parastyle and anterior expansion of the lin¬ 
gual cingulum to surround the protocone, 
lowering of the ml trigonid, lowering of the 
hypoconid and elevation of the entoconid on 
ml to form a more basined talonid, and el¬ 
evation of metaconid on m2 so that it is high¬ 
er than the protoconid. Many of above fea¬ 
tures are in an initial stage of development 


and subject to variation that may be reminis¬ 
cent of conditions in Hesperocyon. For ex¬ 
ample, although the Ml of F:AM 50338 has 
a reduced parastyle, it still has the lingual 
cingulum restricted to the posterolingual cor¬ 
ner. 

The postcranial skeleton of Archaeocyon 
pavidus is also much like that of Hespero¬ 
cyon. The humerus is somewhat bowed and 
has an entepicondylar foramen. The olecra¬ 
non of ulna lacks a prominent medial pro¬ 
cess. The digits are closely appressed for 
both metacarpals and metatarsals. Such a 
limb structure suggests an initial adaptation 
toward a scansorial life that probably has not 
quite achieved the full digitigrade posture 
(Wang, 1993). 

Discussion: Aside from the few subtle 
dental features that ally it with the borophag- 
ine—canine clade, Archaeocyon pavidus is 
rather Hesperocyon- like in size and propor¬ 
tions. A. pavidus was recognized by Wang 
(1994) as possibly a very primitive boro- 
phagine, but was tentatively referred to 
“Hesperocyon ” to indicate its primitive sim- 
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ilarity to H. gregarius. Wang and Tedford 
(1996) adopted the interim name Cormocyon 
pavidus to express its basal borophagine po¬ 
sition. In both papers, a small sample of frag¬ 
mentary jaws from the Cedar Creek Member 
(Orellan) of White River Formation of Col¬ 
orado in the KUVP collection [referred to as 
“Pseudocynodictis sp. (small form)” by Gal- 
breath, 1953: 76] was included in the hypo- 
digm of C. pavidus. Our present analysis of 
this sample, however, indicates that Wang’s 
earlier reference, mainly based on size con¬ 
siderations, lacks the morphological basis es¬ 
tablished in this study. Most importantly, the 
talonid structure of the Colorado sample is 
basically that of a Hesperocyon. Such mor¬ 
phology is inconsistent with our phylogenet¬ 
ic hypothesis of early borophagines, which 
predicts that if a sister relationship between 
the Borophaginae and Caninae is correct, the 
basined talonid should have evolved during 
Orellan, since it occurs in the earliest Lep- 
tocyon. The small form in the Orellan of Col¬ 
orado may represent a distinct species of 
Hesperocyon after all, although the fragmen¬ 
tary materials are not suitable for establish¬ 
ment of a new species. 

Presence of Archaeocyon pavidus in the 
John Day Formation of Oregon is suggested 
by one individual, UCMP 76652, from the 
basal part of the Turtle Cove Member. Other 
than its slightly larger size, UCMP 76652 
compares well with its counterparts in the 
Great Plains. 

Archaeocyon leptodus (Schlaikjer, 1935) 

Figures 7—11 

Nothocyon leptodus Schlaikjer. 1935: 131, fig. 6. 
Hesperocyon leptodus (Schlaikjer): Macdonald, 

1963: 203; 1970: 54. 

Nothocyon geismarianus (Cope, 1877): Macdon¬ 
ald, 1970: 55 (in part). 

Holotype: MCZ 2878 (AMNH cast 
129680), left partial ramus with cl—p2 alve¬ 
oli, p3 root, p4—m2, and m3 root (fig. 9A, 
B). Schlaikjer (1935: 131) reported that the 
type was from “Lower Harrison Formation, 
approximately 15 ft above the Brule-lower 
Harrison contact,” 4.5 mi southeast of Fort 
Laramie, Goshen County, Wyoming. As 
pointed out by McKenna (1966: 6), these 
“Lower Harrison” sediments of Schlaikjer 


belong to the lower Arikaree Group of other 
authors (early Arikareean). 

Referred Specimens: Schomp Ranch, 
north of Mitchell, lower ash of the Whitney 
Member of the Brule Formation (Whitney- 
an), Sioux County, Nebraska: F:AM 63971, 
crushed partial skull with 13—M2 (PI alveo¬ 
lus) (fig. 7A—D), mandible with i 1—i3 alveoli 
and pi—m3 (fig. 7E, F), articulated partial 
skeleton including most of the vertebral col¬ 
umn, partial scapula through manus with 
most of phalanges, partial femur, partial tibia 
and fibula, and pes with most of the phalan¬ 
ges. 

Whitney Member of Brule Formation 
(Whitneyan), Morrill County, Nebraska: 
UNSM 25699, right partial ramus with p3 
alveolus-ml, UNSM loc. Mo-107 or Mo- 
108. 

Horn Member of the Brule Formation 
(early Arikareean), Morrill County, Nebras¬ 
ka: Redington Gap area (UNSM loc. Mo- 
108): F:AM 99287, left ramus with i 1—p3 al¬ 
veoli, p4—m2, and m3 alveolus, 92 ft above 
the base of upper Whitney ash and 5 ft below 
the contact with the Gering Formation; 
UNSM 4486, left ramus with incisor and cl 
alveoli, pi—ml, and m2 broken (fig. 7K, L), 
13 ft above the base of the Horn Member; 
UNSM 4487, right partial maxillary with 
P4-M1 and M2 alveolus, west of Redding- 
ton Gap, from 30 to 40 ft above the base of 
the Horn Member; UNSM 25126, right par¬ 
tial ramus with cl—pi alveoli, p2—p3 broken, 
p4, ml broken, m2, and m3 alveolus, north 
of Reddington Gap, from 30 to 40 ft above 
the base of the Horn Member; UNSM 25398, 
left ramus with i3, cl—pi alveoli, p2—ml, and 
m2 root, 1.25 mi west of Reddington Gap, 
50 ft above base of the Horn Member; and 
UNSM 25399 (AMNH cast 96705), skull 
with 11-12,13 alveolus, and C1-M2 (fig. 7G- 
J), 100 yd west of road, from 10 ft above 
base of the Horn Member. One mi east of 
Birdcage Gap (UNSM loc. Mo-105): UNSM 
25707, skull with I1-M2 and mandible with 
i2 broken-m3. Round House Rock (UNSM 
loc. Mo-104): FMNH P14797, skull with II 
alveolus—M2 and both rami with il broken— 
m3 (fig. 8C-G); and UNSM 25394, right 
partial ramus with ml—m2 and m3 alveolus, 
astragalus, and fragments, 15 ft above marl. 
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upper part of the Horn Member; and UNSM 
25709, palate with C1-M2 (Ml broken). 

Horn Member of Brule Formation (early 
Arikareean), Banner County, Nebraska: 
Three mi northeast of Wrights Gap: UNSM 
26097, anterior part of skull 11-12, 13 alve¬ 
olus, Cl, and PI alveolus-M2 (fig. 8A, B). 
North side of point between Shobar and Lo¬ 
gan Canyons: UNSM 25708, partial skull 
with Il-Cl and PI alveolus-M2, right and 
left rami with i2—cl and pi alveolus—m3, dis¬ 
tal end of humerus, and partial radius and 
ulna. Bayard Quarry (UNSM loc. Bn-102): 
UNSM 25710, right partial ramus with p3- 
p4 alveoli, ml broken, and m2—m3 alveoli. 

Three Tubs locality, north side of 66 
Mountain, Whitney Member, Brule Forma¬ 
tion (Whitneyan), Goshen County, Wyo¬ 
ming: F:AM 50298, articulated skull with 
13—M2 and mandible with cl—m3 and artic¬ 
ulated partial skeleton with cervical verte¬ 
brae, partial scapula, both humeri, and in¬ 
complete radii and ulnae, from 10 ft above 
the lower ash in the middle Whitney; F:AM 
50299, right incomplete side of skull with 
C1-M2 (PI alveolus) articulated with right 
ramus with i3—m3 and distal ends of both 
tibiae, distal fibula, and both articulated in¬ 
complete pes, 3 ft above the base of the low¬ 
er ash in the middle Whitney; and F:AM 
50300, right incomplete side of skull with 
I3-C1 alveoli, PI, P2 broken, and P4-M1, 
and right partial ramus with pi—m3 (ml and 
m2 broken), 8 ft above the base of the lower 
ash in the middle Whitney. 

Wounded Knee Area, middle and upper 
parts of the Sharps Formation (early Arika¬ 
reean), Shannon County, South Dakota: 
LACM 5900, left partial ramus with p3 bro- 
ken—m2, LACM loc. 1829; LACM 9200, 
right partial ramus with p2, alveolus p3—p4, 
and ml broken—m2, LACM loc. 1861; 
LACM 9283 (AMNH cast 129647), right 
partial ramus with p2 alveolus—ml, LACM 
loc. 1966; LACM 9297, left partial ramus 
with p4 (broken)-ml, LACM loc. 1980; 
LACM 9360, left maxillary fragment with 
P3-M1, LACM loc. 1819; LACM 9371 
(AMNH cast 129650), left maxillary frag¬ 
ment with P4-M1, LACM loc. 1955; LACM 
9389, right ramal fragment with ml and m2 
alveolus, LACM loc. 1982; LACM 9408, left 
ramal fragment with ml, LACM loc. 1959; 


LACM 9426, right ramal fragment with ml 
and m2 broken alveolus, LACM loc. 1984; 
LACM 9446, right partial ramus with p4 bro- 
ken-m2 (m3 alveolus), LACM loc. 1959; 
LACM 9518, right partial ramus with p2- 
m3, LACM loc. 1984; LACM 21661, right 
partial ramus with ml—m2, LACM loc. 1959; 
LACM 28982, left partial ramus with ml- 
m2 and m3 alveolus, LACM loc. 1956; 
SDSM 53323, crushed fragment of skull 
with P1-P3 alveoli and P4, SDSM loc. 
V5353; SDSM 53331, left maxillary frag¬ 
ment with Ml, SDSM loc. V541; SDSM 
54261, left ramal fragment with p4 (root)— 
ml, SDSM loc. V5357; SDSM 54272, left 
partial ramus with p3—p4 alveoli and ml— 
m2, SDSM loc. V5361; SDSM 54280, right 
partial ramus with p2 (alveolus) and p3—m2 
(p4 broken), SDSM loc. V5359; SDSM 
54292, skull with Cl alveolus, P1-P2 roots, 
and P3-M2, SDSM loc. V541; SDSM 
54338, skull with 11 and 13, Cl alveolus, and 
PI—M2, SDSM loc. V541; SDSM 55101, 
right partial ramus with p2 (alveolus) p3, p4 
root, and ml—m2, SDSM loc. V5351; and 
SDSM 56110, partial ramus with ml-m2 
(both broken) and m3 alveolus, SDSM loc. 
V541. 

East side of Cedar Pass, clay lens in cap¬ 
ping channel, base of upper part of the 
Sharps Formation (early Arikareean), Jack- 
son County, South Dakota: F:AM 49447, 
skull with 11-P3 alveoli and roots, P4-M1, 
and M2 alveolus (fig. 9J, K). 

White Butte (Chalky Buttes), lower Ari- 
karee Group (early Arikareean), Slope Coun¬ 
ty, North Dakota: AMNH 8084, right partial 
ramus with p4— ml. 

Little Muddy Creek, lower Arikaree 
Group (early Arikareean), Niobrara County, 
Wyoming: F:AM 49028, left partial ramus 
with ml broken—m2 and m3 alveolus; F:AM 
49044, partial skull with Cl—PI and M2 bro¬ 
ken, both partial jaws with p2, p3—ml (all 
broken or alveoli), and m2; F:AM 49045, 
skull with II—M2 and both rami with cl—m3 
(fig. 9C—H); F:AM 49047, right partial max¬ 
illary with P4-M2; F:AM 49048, left partial 
ramus with pi alveolus and p2—m2 all bro¬ 
ken; F:AM 49049, right partial ramus with 
ml-m2 and m3 root; F:AM 49051, left par¬ 
tial ramus with cl broken, pi—p3 alveoli, 
p4-ml, and m2 root; F:AM 49052, left par- 
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Fig. 7. Archaeocyon leptodus. A, Upper teeth, B, lateral, C, ventral, and D, dorsal views of skull, E, lower teeth, and F, ramus, F:AM 63971, 
Schomp Ranch, Whitney Member, Brule Formation (Whitneyan), Sioux County, Nebraska. G, Upper teeth, H, lateral, I, ventral, and J, dorsal 
views of skull (auditory bulla reversed from right side), UNSM 25399, Redington Gap, Horn Member, Brule Formation (early Arikareean), Morrill 
County, Nebraska. K, Lower teeth and L, ramus, UNSM 4486, Redington Gap, Horn Member of Brule Formation (early Arikareean), Morrill 
County, Nebraska. The longer (upper) scale is for A, E, G, and L, and the shorter (lower) scale is for the rest. 
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Horn Member, Brule Formation (early Arikareean), Banner County, Nebraska. C, Upper teeth, D, ventral, and E, dorsal views of skull, F, lower 
teeth (cl reversed from right side), and G, ramus (reversed from right side), FMNH P14797, Round House Rock, Horn Member, Brule Formation 
(early Arikareean), Morrill County, Nebraska. H, Upper teeth, I, palate, J, lower teeth, and K, ramus (reversed from right side), F:AM 50221, 
south side of Bear Mountain, lower Arikaree Group (early Arikareean), Goshen County, Wyoming. The longer (upper) scale is for A, C, F, H, 
and J, and the shorter (lower) scale is for the rest. 
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Fig. 9. Archaeocyon leptodus. A, Lower teeth and B, ramus, MCZ 2878, holotype, lower Arikaree 
Group (early Arikareean), Goshen County, Wyoming. C, Upper teeth, D, lateral, E, ventral, and F, 
dorsal views of skull. G, lower teeth, and H, ramus (all reversed from right side), F:AM 49045, Little 
Muddy Creek, lower Arikaree Group (early Arikareean), Niobrara County, Wyoming. I, Ramus, F:AM 
49052, Little Muddy Creek. J, P4 Ml. and K, ventral view of skull, F:AM 49447, east side of Cedar 
Pass, Sharps Formation (early Arikareean), Jackson County, South Dakota. L. Upper teeth and M, 
ventral view of skull (reversed from right side), F:AM 49032, Muddy Creek, lower Arikaree Group 
(medial Arikareean), Niobrara County, Wyoming. N, Upper teeth and O, ventral view of skull (reversed 
from right side), F:AM 49033, Muddy Creek. The longer (lower) scale is for A, C, G, J, L, and N, and 
the shorter (upper) scale is for the rest. 
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Fig. 10. Archaeocyon leptodus. A, Lower teeth, B, ramus, C, upper teeth, D, lateral and E, anterior views of radius and ulna, F, humerus, 
G, femur, H, tibia and fibula, I, calcaneum, J, astragalus, K partial foot, and L, partial hand, F:AM 49060, Muddy Creek, lower Arikaree Group 
(medial Arikareean), Niobrara County, Wyoming (I—L reversed front right side). The longer (lower) scale is for A and C, and the shorter (upper) 
scale is for the rest. 
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Fig. 11. Partial articulated skeleton of Ar- 
chaeocyon leptodus, F:AM 49060, Muddy 
Creek, lower Arikaree Group (medial Arika- 


tial ramus with cl broken, pi—p2 alveoli, and 
p3—m3 (fig. 91); and F:AM 49053, left partial 
ramus with p3—ml all broken and m2. 

Willow Creek, lower Arikaree Group (ear¬ 
ly Arikareean), Niobrara County, Wyoming: 
F:AM 49076, right ramal fragment with p4 
broken—m 1. 

Muddy Creek Area, lower Arikaree Group 
(medial Arikareean), Niobrara and Platte 
counties, Wyoming: F:AM 49021, left partial 
ramus with p3—p4 and ml—m2 both broken; 
F:AM 49026, right maxillary fragment with 
Ml—M2 and right ramal fragment with m2; 
F:AM 49030, partial skull with P2 broken- 
M2, right and left partial rami with p3—m3, 
both humeri, radius, partial ulna, and carpals 
with the proximal ends of metacarpals II—IV; 
F:AM 49031, incomplete edentulous skull, 
humerus, tibia, and calcaneum; F:AM 49032, 
partial skull with right P3—M2 (fig. 9L, M); 
F:AM 49033, partiaf skull with 12-13 alveoli. 
Cl, P1-P3 alveoli, and P4-M2 (fig. 9N, O); 
F:AM 49035, right partial ramus with pi—p4 
alveoli and roots and ml-m2; F:AM 49036, 
left partial maxillary with P4 broken—M2, 
left partial ramus with p2 alveolus—m3, right 
ramal fragments, detached broken bullae, and 
fragments; F:AM 49037, left partial ramus 
with pi—p3 alveoli and p4 broken—m2; F:AM 
49038, right partial maxillary with P3-M2; 
F:AM 49039, right partial maxillary with 
P4-M2 (Ml broken); F:AM 49040, left par¬ 
tial ramus with cl—pi broken and p2—ml; F: 
AM 49040A, left partial maxillary with P3 
broken-M2; F:AM 49050, right and left par¬ 
tial rami with p4 broken-m3; F:AM 49060, 
partial skull with P3 broken—M2 (fig. 10C), 
partial mandible with cl broken—m3 (fig. 
10A, B), and partial postcranial skeleton (fig. 
11) including articulated vertebrae, scapula, 
humerus (fig. 10F), radius and ulna (fig. 10D, 
E), nearly complete manus including meta¬ 
carpals 1—V and two first phalanges (fig. 
10L), pelvis, femora (fig. 10G), tibiae and 
fibulae (fig. 10H), calcaneum (fig. 101), as¬ 
tragalus (fig. 10J), tarsals, and metatarsals I— 
V and two first phalanges (fig. 10K); F:AM 
50224, right partial ramus with cl broken 


4 - 

reean), Niobrara County, Wyoming. Photograph 
by Lorrain Meeker. 
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Fig. 12. Log-ratio diagram for cranial measurements of Archaeocyon, Otarocyon, and Rhizocyon 
using A. pavidus as a standard for comparison (straight line at zero). See text for explanations and 
appendix II for measurements and their definitions. 


and pi alveolus-m2; and F:AM 50226, right 
partial ramus with ml broken. 

South side of Bear Mountain, lower Ari- 
karee Group (early Arikareean), Goshen 
County, Wyoming: F:AM 50221, anterior 
half of skull with II—M2 and right partial ra¬ 
mus with p3—m2 and m3 alveolus (fig. 8H— 
K). 

Horse Creek area, lower Arikaree Group 
(early Arikareean), Goshen County, Wyo¬ 
ming: F:AM 49069, right and left partial 
rami with p2-m2; F:AM 49072, left partial 
ramus with p2 alveolus, p3—ml all broken, 
m2, and m3 alveolus; F:AM 50222, left par¬ 
tial ramus with il—cl broken, pi alveolus, p2 
broken—p4, and ml broken—m2; and F:AM 
99286, partial palate with P3 broken-M2 and 
associated partial cranium. 

Canyon Ferry Area, Toston Formation 
(early Arikareean), Lewis and Clark County, 
Montana: USNM 19097, right partial ramus 


with il—p2 alveoli, p2—ml all broken, m2, 
and m3 alveolus; and USNM 20144, right 
partial ramus with pi alveolus—m2. 

Distribution: Whitneyan of Nebraska and 
Wyoming; early Arikareean of Nebraska, 
Wyoming, Montana, South Dakota, and 
North Dakota; and medial Arikareean of Wy¬ 
oming. 

Emended Diagnosis: Archaeocyon lepto- 
dus differs from A. pavidus in its larger size 
and elongated lower first molar with an open 
trigonid. The rostrum in A. leptodus is not 
shortened, as contrasted with that of A. fal- 
kenbachi. A. leptodus is distinct from the 
phlaocyonine clade by its possession of the 
following primitive characters: posteriorly 
oriented paroccipital process that is not fused 
with the bulla, weak metaconule of Ml, lack 
of a connection between metaconule and lin¬ 
gual cingulum of M2, and lack of a protos- 
tylid on ml. 
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Fig. 13. Log-ratio diagram for dental measurements of Archaeocyon , Oxetocyon , Otarocyon , and 
Rhizocyon using A. pavidus as a standard for comparison (straight line at zero). See text for explanations 
and appendix III for summary statistics of measurements and their definitions. 


Description and Comparison: The present 
reference of a large number of specimens 
from the Whitneyan and early Arikareean of 
the northern Great Plains transforms Ar¬ 
chaeocyon leptodus from that of an obscure 
species to one that has the best representation 
among early borophagines both in terms of 
its anatomy and in the continuity of its fossil 
record. Nearly complete skulls demonstrate 
the generalized morphology of this basal bo- 
rophagine. The skull is primitive in its un¬ 
shortened snout, a single temporal crest, a 
wide masseteric scar on the jugal, and lack 
of fusion between the paroccipital process 
and the auditory bulla. In overall cranial pro¬ 
portions, A. leptodus is very similar to Rhi¬ 
zocyon and Comiocyon (fig. 12). The UNSM 
sample from the Horn Member of Brule For¬ 
mation tends to have a more ventrally ori¬ 
ented paroccipital process, whereas individ¬ 
uals from the Muddy Creek locality of the 
lower Arikaree Group have a less ventrally 
oriented process (two specimens, F:AM 


49032 and 49060, still have fully posteriorly 
directed process). Even in individuals that 
have a mainly ventrally oriented paroccipital 
process, however, the base of the process is 
mostly free of contact with the posterior as¬ 
pect of the bulla. There is a slight tendency 
in A. leptodus to enlarge its bulla relative to 
the primitive condition in A. pavidus. 

Teeth of Archaeocyon leptodus are overall 
24% larger than those of A. pavidus, 21% 
larger than those of Rhizocyon oregonensis, 
and 24% smaller than those of Comiocyon 
copei (average percentage of all measure¬ 
ments). Besides its intermediate size, A. lep¬ 
todus is also intermediate in its possession of 
an open trigonid on ml as opposed to the 
more closed trigonid in A. pavidus and R. 
oregonensis, but it lacks a distinct metaco- 
nule on Ml and a connection between the 
metaconule and lingual cingulum of M2 seen 
in Comiocyon. 

The most prominent feature on the holo- 
type of A. leptodus is its elongated, open tri- 
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gonid of ml. Its paraconid is more longitu¬ 
dinally oriented in contrast to the primitively 
more oblique orientation in other Archaeo- 
cyon. Related to this long trigonid, the p4 
also becomes slender. In this latter feature, 
the holotype is the most extreme among re¬ 
ferred specimens (see discussion below). 
Within the hypodigm, there is a gradual 
lengthening of the trigonid through time. Our 
sample from the Whitney and Horn Members 
of the Brule Formation shows little change 
in this feature, whereas those from the lower 
Arikaree Group of Wyoming tend to have a 
more open trigonid. 

Discussion: We recognize Archaeocyon 
leptodus from the Whitneyan through medial 
Arikareean of the northern Great Plains as 
distinct from Rhizocyon oregonensis of sim¬ 
ilar age from the John Day Basin. Earlier 
(from Whitney and Horn Members of Brule 
Formation) individuals of A. leptodus are not 
easily distinguished in the dentitions, both in 
quantitative and qualitative traits, from indi¬ 
viduals of R. oregonensis. The main distinc¬ 
tion between these lies in a few subtle char¬ 
acters in A. leptodus: more posteriorly ori¬ 
ented paroccipital process, slightly larger 
bulla, Ml hypocone more posteriorly posi¬ 
tioned, M2 lacking a connection between 
metaconule and internal cingulum, and a 
more elongated ml. We thus recognize two 
similar, but morphologically distinguishable, 
species on either side of the continental di¬ 
vide, similar in this regard to the Connocyon 
copei and C. haydeni species pair. 

The elongated trigonid and slender pre- 
molars, especially prominent in the holotype 
of Archaeocyon leptodus, are more typically 
seen in the canine clade, as in the contem¬ 
poraneous Leptocyon. However, the ramus of 
A. leptodus is relatively robust and its pre¬ 
molars are not widely spaced, unlike those in 
Leptocyon, which has a much more gracile 
horizontal ramus and long diastemata be¬ 
tween premolars. Elsewhere, we (Wang and 
Tedford, 1996) have identified a Leptocyon 
specimen from the Orella Member of the 
Brule Formation as the earliest record of the 
subfamily Caninae. This fragmentary lower 
jaw, UNSM 25354, has the simplified pre- 
molars typical of Leptocyon but still has a 
relatively unelongated ml. If our recognition 
of this Orellan specimen as the most primi¬ 


tive Caninae is correct, the elongation of the 
ml must have happened after the simplifi¬ 
cation of the premolars. This would imply 
that the elongation of the ml in A. leptodus, 
which lacks simplified premolars, was prob¬ 
ably independently acquired, as it surely had 
happened at least once in Connocyon hay¬ 
deni and in more derived borophagines (see 
further discussion under Phylogenetic Anal¬ 
ysis). 

Archaeocyon falkenbaclii, new species 
Figure 14 

Holotype: F:AM 49029, partial skull with 
Cl—PI alveoli and P2—Ml (P3 alveolus) (fig. 
14) from the Muddy Creek Area, 1.5 mi west 
of bridge, 65 ft below the white layer, lower 
Arikaree Group (medial Arikareean), Nio¬ 
brara County, Wyoming. 

Etymology: Named for the late Charles 
H. Falkenbach, who led the Frick Laboratory 
parties collecting extensively in Wyoming. 

Referred Specimen: Holotype only. 

Distribution: Medial Arikareean of Wy¬ 
oming. 

Diagnosis: Archaeocyon falkenbaclii dif¬ 
fers from all other species of Archaeocyon in 
its inflated, more bulbous bulla with little an¬ 
terolateral compression that characterize oth¬ 
er species; short temporal fossa; wide zygo¬ 
ma; closely spaced premolars; reduced P2 
posterior accessory cusp; and Ml very wide 
for its length. 

Description and Comparison: The single 
skull of the holotype constitutes the only 
specimen of this rare species. The shortening 
of its skull affects several proportional rela¬ 
tionships of its cranium. Compared to most 
species of Archaeocyon, Rhizocyon, and Cor- 
mocyon, it has a shortened temporal fossa 
and a broadened zygomatic arch (fig. 12). 
The paroccipital process is posteriorly ori¬ 
ented in contrast to the ventrally oriented 
processes in Connocyon. The bulla is shorter 
and less anteriorly narrowed than in A. lep¬ 
todus. The opening for the external auditory 
meatus is more rounded, due to the devel¬ 
opment of a short meatal tube, than in most 
individuals of A. leptodus. Other than these 
differences, A. falkenbaclii is very close to 
the general stage of evolution of A. leptodus. 

Dental morphology of Archaeocyon fal- 
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Fig. 14. Archaeocyon falkenbachi. A, upper teeth, B. Lateral, C, ventral and D. dorsal views of 
skull, and F:AM 49029, holotype. Muddy Creek, lower Arikaree Group (medial Arikareean), Niobrara 
County, Wyoming. The longer (upper) scale is for A, and the shorter (lower) scale is for the rest. 


kenbachi is also very close to that of A. lep- 
todus. The only differences between the two 
species are a simplified P2 (lacking a poste¬ 
rior accessory cusp) and a mediolaterally 
wider Ml in A. falkenbachi. 

Discussion: Slight wear on the tips of the 
upper molars and the presence of a low but 
distinct sagittal crest indicate that F:AM 
49029 is an adult. It is unlikely that its 
unique cranial proportions cited above (fea¬ 
tures related to brachycephally) are due to 
young age. Archaeocyon falkenbachi thus 
represents a lineage divergent from A. lep- 
todus, which does not appear to lead to other 
lineages. 


Oxetocyon Green, 1954 

Type Species: Oxetocyon cuspidatus 
Green, 1954. 

Included Species: Type species only. 

Distribution: Whitneyan of South Dakota 
and Nebraska, and early Arikareean of Ne¬ 
braska. 

Emended Diagnosis: In contrast to Ar¬ 
chaeocyon, Oxetocyon shares with Otaro- 
cyon such derived characters as taller P4 par- 
astyle, conate talonid cusps on ml, ml en- 
toconid separated from the metaconid by a 
notch, and m2 metaconid larger than proto- 
conid. In addition, Oxetocyon has several au- 
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tapomorphies related to its unusual mode of 
hypocarnivory: enlarged and quadrate upper 
molars, strong anterolingual cingulum on 
Ml, distinct cleft on the lingual cingulum 
that isolates the large conate hypocone on the 
Ml, and a distinct metaconule on Ml. Oxe- 
tocyon is primitive relative to Rhizocyon and 
more derived borophagines in its lack of a 
connection between metaconule and posteri¬ 
or lingual cingulum on M2, and absence of 
a protostylid on ml. 

Oxetocyon cuspidatus Green, 1954 
Figure 15 

Oxetocyon cuspidatus Green, 1954: 218, fig. 1. 

Galbreath, 1956: 375. Tanner, 1973: 66, fig. 1. 

Wang and Tedford, 1996: 446, fig. 8. Munthe, 

1998: 134. 

Holotype: SDSM 2980 (AMNH cast 
80132), left maxillary fragment with Ml and 
broken alveoli of P4 and M2 (fig. 15A), from 
7 mi east of Rockyford, Protoceras Channels, 
Poleslide Member of Brule Formation (Whit- 
neyan), Shannon County, South Dakota. 

Referred Specimens: Whitney Member of 
Brule Formation (Whitneyan), Morrill and 
Sioux counties, Nebraska: UNSM 2665, par¬ 
tial skull with Cl broken alveolus, PI—P3 al¬ 
veoli, and P4—M2 (Tanner, 1973: fig. 1A—C; 
fig. 15F-H) from UNSM loc. Mo-104, base 
of Roundhouse Rock, 8.5 ft below the base 
of the Upper Ash; UNSM 25081, left ramal 
fragment with p3—ml all broken, UNSM loc. 
Sx-28; UNSM 25381, left maxillary frag¬ 
ment with P3 alveolus—M2 (fig. 15B, C) and 
fragment of dorsal roof cranium, UNSM loc. 
Mo-0, 7 mi southeast of Broadwater, 10 ft 
above railroad grade; and UNSM 25698 
(AMNH cast 96707), right partial ramus with 
p3 alveolus—m3 (fig. 15D, E), UNSM loc. 
Mo-107 or Mo-108. 

Gering Formation (early Arikareean), 
Morrill County, Nebraska: UNSM 11695 
(AMNH cast 104655), right partial ramus 
with p4— ml and alveoli of cl—p3. 

Distribution: Whitneyan of South Dakota 
and Nebraska, and early Arikareean of Ne¬ 
braska. 

Emended Diagnosis: As for monotypic 
genus. 

Description and Comparison: Although 
Tanner’s (1973) referred partial skull (UNSM 


2665) substantially increased knowledge of 
Oxetocyon cuspidatus , which was established 
on a single Ml, much remains to be learned 
about this rare species. Tanner’s description 
of UNSM 2665 is still the main source of 
information on the cranial morphology of 
Oxetocyon. To this we can only add a frag¬ 
ment of skull roof associated with upper 
teeth (UNSM 25381), which only preserves 
the posterior segment of the sagittal crest 
(single crested) and partial nuchal crest. 
UNSM 25381 (fig. 15B, C) is a somewhat 
larger individual with primitive dental fea¬ 
tures compared to the holotype and UNSM 
2665: it has a smaller protocone of P4, a less 
pronounced notch on the labial cingulum of 
M1, a less deep cleft anterior to the hypocone 
on the lingual cingulum of Ml and absence 
of such a cleft on M2, lack of a discrete hy¬ 
pocone on Ml, metaconule less enlarged on 
Ml—M2, and overall less transverse division 
of the Ml. While certainly introducing ad¬ 
ditional dental variations, our inclusion of 
UNSM 25381 helps to bridge the large mor¬ 
phological gap between the holotype of O. 
cuspidatus and other basal borophagines 
such as Archaeocyon. 

The present referral of two ramal frag¬ 
ments is largely based on their conate cusps 
of the lower molars and on the generally 
good occlusion between the upper and lower 
teeth. The rounded shape of the cusps of ml 
talonid and m2 are in sharp contrast to the 
crestlike cusps of the contemporaneous Hes- 
perocyon and to a lesser extent those of 
Otarocyon, but is consistent with the cusp 
shape of the upper teeth of O. cuspidatus. 
Furthermore, the high m2 entoconid occludes 
well with the basin between the enlarged lin¬ 
gual cingulum and protocone of the M2. Be¬ 
sides these salient features, the referred lower 
jaws and teeth are quite similar to those of 
Archaeocyon species. 

Our reference of these jaws to O. cuspi¬ 
datus has some interesting phylogenetic im¬ 
plications. While the upper teeth of Oxeto¬ 
cyon bear certain similarities to those of Cy- 
narctoides and Phlaocyon, such as the quad¬ 
rate appearance of M1 and the presence of a 
Ml hypocone (however, Cynarctoides and 
Phlaocyon do not have the transverse cleav¬ 
age across the Ml so characteristic of Oxe¬ 
tocyon), the referred lower teeth lack the cor- 
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Fig. 15. Oxetocyon cuspidatus. A, Ml, SDSM 2980, holotype, 7 mi east of Rockyford, Poleslide 
Member of Brule Formation (Whitneyan), Shannon County, South Dakota. B, Upper teeth and C, lateral 
view of maxillary, UNSM 25381, 7 mi southeast of Broadwater, Whitney Member, Brule Formation 
(Whitneyan), Morrill County, Nebraska. D. Lower teeth and E, ramus (reversed from right side), UNSM 
25698, Whitney Member, Brule Formation (Whitneyan), Morrill County, Nebraska. F, Upper teeth, and 
G, lateral and H, dorsal views of partial skull, UNSM 2665. Roundhouse Rock, Whitney Member, Brule 
Formation (Whitneyan), Sioux County, Nebraska. The longer (upper) scale is for A, B, D, and F, and 
the shorter (lower) scale is for the rest. 


responding specializations of the Phlaocyon- 
ini, such as the presence of a protostylid on 
ml—m2. Oxetocyon thus possesses a mixture 
of features that suggests an evolutionary 
pathway independent from the phlaocyonine 
clade. 

Discussion: Oxetocyon represents one of 
the first of many trends toward hypocarniv- 
ory within the subfamily Borophaginae. Dur¬ 
ing the Whitneyan, it is also the most hy- 
pocarnivorous canid, with its own peculiar 
way of enlarging and squaring up the upper 
molars and dividing them into roughly sym¬ 
metrical parts along a transverse cleavage in 
the middle of the crown. The absence of a 
connection between the metacone and lingual 
cingulum on M2 and the lack of a protostylid 
on ml indicate only a basal relationship with 
regard to the phlaocyonine clade, despite the 
common possession of a similarly developed 
hypocone on Ml. 

Oxetocyon and Otarocyon share a few de¬ 
rived features, such as conate cusps on lower 
molars, lingually opened talonid basin on 
ml, and high m2 metaconid. Although our 


cladistic analysis indicates a sister relation¬ 
ship of the two genera because of these char¬ 
acters, it is conceivable that the hypocarniv- 
orous characters may have been indepen¬ 
dently acquired since the dissimilarity be¬ 
tween the upper molars of these genera is so 
great. Such speculation may be confirmed 
with knowledge of the basicranium of Oxe¬ 
tocyon. Meanwhile, we maintain two distinct 
genera in the recognition that they represent 
two distinct clades, even though they may be 
sister taxa. 

Otarocyon , new genus 

Type Species: Cynodesmus cooki Macdon¬ 
ald, 1963. 

Etymology: Greek: otaros, large eared; 
cyon, dog. 

Included Species: Otarocyon macdonaldi, 
new species; and Otarocyon cooki (Macdon¬ 
ald, 1963). 

Distribution: Orellan of South Dakota 
and Montana, early Arikareean of South Da- 
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kota, and early to medial Arikareean of Wy¬ 
oming. 

Diagnosis: Species of the highly derived 
Otarocyon are united by many synapomor- 
phies: hypertrophied auditory bulla, antero- 
posteriorly flattened paroccipital process that 
is ventrally oriented, large suprameatal fossa, 
shortened rostrum, broadened braincase, 
short temporal fossa, paired temporal crests, 
single-cusped, short, and tall crowned pre¬ 
molars, enlarged P4 protocone, elevated lin¬ 
gual cingulum of Ml, conical entoconid of 
ml separated anteriorly from metaconid by a 
deep notch (lingually opened talonid basin), 
m2 metaconid much larger and higher than 
protoconid. Otarocyon is primitive compared 
to Rhizocyon and more derived borophagines 
in its transversely elongated upper molars 
and lack of a connecting ridge between the 
lingual cingulum and metaconule of M2. 

Discussion: The abrupt appearance of the 
morphologically highly derived Otarocyon in 
the Orellan without any apparent predecessor 
presents a problem for phylogenetic interpre¬ 
tation. Although Otarocyon shares with Ar- 
chaeocyon derived characters of the canine— 
borophagine clade (reduced Ml parastyle, 
anteriorly extended Ml lingual cingulum, 
more basined talonid of ml, and high m2 
entoconid), the ways that these morphologies 
are achieved, however, seem to suggest in¬ 
dependent development of these characters. 
For example, the highly conate ml entoconid 
is interrupted anteriorly by a deep notch sep¬ 
arating the entoconid from the metaconid, 
and is in sharp contrast to a ridgelike ento¬ 
conid, which reaches anteriorly to the base 
of the metaconid and fully encloses a talonid 
basin in all primitive hesperocyonines, ca¬ 
nines, and borophagines. This peculiarity of 
the bicuspid talonid is not seen elsewhere in 
the borophagines. In absence of more tran¬ 
sitional forms, however, we must assume for 
the purpose of parsimony that these derived 
characters in Otarocyon are synapomorphies 
shared with other borophagines, rather than 
being homoplasies. 

For all its unique morphology, Otarocyon 
has a living canine analog, fennec fox ( Vul- 
pes ( Fennecus ) zerda), from desert regions 
of northern Africa and the Arabian Penin¬ 
sula. In addition to being among the smallest 
foxes, the fennecs share with Otarocyon a 


striking list of derived similarities: expanded 
braincase, short nasal process of frontal, 
parasagittal temporal crests, enlarged bulla 
and narrowed interbullar space, loss of low 
septum inside bulla, paroccipital process ful¬ 
ly cupping bulla, simplified premolars, and 
enlarged m2 metaconid. The list is long 
enough to raise the intriguing possibility of 
the origin of ancestral fennecs from Otaro¬ 
cyon. The implicit long hiatus in the fossil 
record (approximately 25 m.y.) notwith¬ 
standing, such a proposition, however, would 
have to overcome a longer list of derived 
characters in fennecs that indicates their po¬ 
sition within the Vulpini (Tedford et al., 
1995: characters 4—18), although some of 
these characters are not unique to vulpines or 
cannot be observed in available materials of 
Otarocyon. For example, Otarocyon does not 
possess such canine characters as slender 
horizontal ramus, narrow premolars, elongat¬ 
ed P4 and ml, m2 anterolabial cingulum, or 
loss of entepicondylar foramen of humerus. 
Furthermore, fennecs differs from Otarocyon 
in additional details that require explanation 
if they are postulated as sister-groups: pres¬ 
ence of a frontal depression (seen in most 
vulpines), lack of a suprameatal fossa, pres¬ 
ence of a short bony external auditory mea¬ 
tus, and an extension of the ectotympanic 
ring to form the dorsal passage of auditory 
meatus. It is therefore more parsimonious to 
view the similarities between V. zerda and 
Otarocyon as independently derived. Such 
conclusion is also consistent with studies of 
chromosomes, allozymes, and mitochondrial 
DNA of living canids (Wayne et al., 1987a, 
1987b; Wayne and O’Brien, 1987; Wayne et 
al., ms), which place the fennec within the 
clade of living foxes but not in a more basal 
position as would be predicted by an Otar¬ 
ocyon—Fennecus sister relationship. 

This remarkable convergence in two sub¬ 
families of Canidae provides a valuable liv¬ 
ing analog (Vulpes zerda) of a fossil group 
( Otarocyon ) for inference of its soft anatomy 
and ecology. For example, we can reasonably 
infer that Otarocyon must have had a very 
large external ear, as have the fennecs, and 
that the auditory apparatus was sensitive to 
low-frequency hearing (Lay, 1972; Webster 
and Webster, 1980). The implication that 
Otarocyon may have lived in an open envi- 
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ronment, as do the living fennecs, is inher¬ 
ently less testable with the fossil alone, but 
no less interesting. The peculiar middle ear 
morphology in Otarocyon was already pre¬ 
sent in Orellan (in O. macdonaldi) and seems 
to indicate at least patchy presence of open 
environments at the time, as also concluded 
by Retallack (1983) in a study of soils of 
Orellan age in South Dakota. 

Otarocyon macdonaldi, new species 
Figure 16G-L 

Holotype: AMNH 38986, skull with II- 
M2 (Cl broken) and mandible with il—m3 
(fig. 16G—L) from Scenic Member of Brule 
Formation (Orellan), south of White River, 
near Scenic, Pennington County, South Da¬ 
kota. 

Etymology: Named for J. Reid Macdon¬ 
ald for his singular contributions to the Ce- 
nozoic paleontology and stratigraphy of 
South Dakota. 

Referred Specimen: Cooper Gulch Local¬ 
ity No. 1, Toston Formation (?Orellan), Lew¬ 
is and Clark County, Montana: UMMP 7933 
(AMNH cast 127173), partial rostrum with 
left P4-M2 and right P2-M2, UMMP loc. 
MV8303. 

Distribution: Orellan of South Dakota 
and Montana. 

Diagnosis: O. macdonaldi is easily distin¬ 
guishable from Archaeocyon and other prim¬ 
itive borophagines by several derived char¬ 
acters shared with O. cooki: brachycephalic 
skull, shortened nasal process of frontal, lat¬ 
erally expanded braincase, paired temporal 
crests, enlarged auditory bulla, large supra- 
meatal fossa, flattened paroccipital process 
hugging the bulla, short, simple, and high- 
crowned premolars, enlarged P4 protocone, 
high Ml—M2 lingual cingulum, short trigo- 
nid, high hypoconid and entoconid, lingually 
opened talonid basin on ml, and high meta- 
conids of ml—m2. O. macdonaldi is more 
primitive than O. cooki in its lesser devel¬ 
opment of some of the above characters: 
smaller size; longer and narrower muzzle; 
PI—P3 and pi—p3 anteroposteriorly longer 
with crown height lower relative to length; 
P4 protocone smaller; braincase less expand¬ 
ed relative to length of skull; parasagittal 
crests weaker and more widely separated; ml 


with trigonid more elongate and shear less 
oblique, metaconid smaller and lower 
crowned, and entoconid less conical and low¬ 
er crowned. 

Description and Comparison: As in Otar¬ 
ocyon cooki, O. macdonaldi is easily distin¬ 
guished from the far more conservative Ar¬ 
chaeocyon in the numerous synapomorphies 
shared between O. cooki and O. macdonaldi 
(see Diagnosis above). Distinctions between 
O. cooki and O. macdonaldi, however, are far 
more subtle. Besides its slightly smaller size 
(3% in basal length of skull, but 9% in av¬ 
erage dental measurements; see appendices 
II, III), O. macdonaldi is mainly distinct 
from O. cooki in its slightly lesser degree of 
development of the advanced features: skull 
less brachycephalic, parasagittal crests less 
prominent, braincase less expanded, ml tri¬ 
gonid less shortened, and lower molar cusps 
lower. Similarly, the teeth of O. macdonaldi 
are little different from those of O. cooki oth¬ 
er than their smaller size. 

The single referred specimen from Mon¬ 
tana (UMMP 7933) displays certain subtle 
variations that are not present in the holo¬ 
type: a weak lingual cingulum on P2, pres¬ 
ence of an additional (third) root on the P3 
and a distinct lingual cingulum supported by 
this extra root, presence of a narrow labial 
cingulum on the P4, better developed P4 par- 
astyle, and better developed Ml metaconule. 

Discussion: In a thesis on the evolution of 
mammalian molars, Patterson (1956: 48) 
used AMNH 38986 to illustrate the field con¬ 
cept of dental development and its interac¬ 
tions with phylogenetic constraints (he did 
not give a formal taxonomic identification of 
this specimen and merely called it “an un¬ 
described Oligocene dog”). To him, the in¬ 
creased size and height of P4 protocone and 
Ml—M2 hypocones (lingual cingula) and 
similar enlargements of ml entoconid and 
ml—m2 metaconids are all related to a ge¬ 
netic process of increasing size of the lingual 
portions of the cheekteeth. It is relevant to 
note that Patterson’s observation is even bet¬ 
ter illustrated in UMMP 7933, in which the 
lingual cingula of the entire upper toothrow, 
including that of the P2—P3, are well-devel¬ 
oped. 

Despite its much earlier appearance in the 
Orellan and being separated from its early 
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Arikareean sister-species Otarocyon cooki by 
at least 2 m.y., O. macdonaldi basically pos¬ 
sesses all the morphological specializations 
present in O. cooki, although usually to a 
slightly lesser degree. In other words, once 
the major adaptive features were acquired, 
the Otarocyon lineage remained essentially 
unchanged except for slight size increase and 
slightly greater emphasis on the various fea¬ 
tures (e.g., greater expansion of braincase, 
stronger temporal crests, shorter premolars 
and ml trigonid). These minor adjustments 
probably reflect an anagenetic series stretch¬ 
ing from the Orellan to the early Arikareean. 

Otarocyon cooki (Macdonald, 1963) 
Figures 16A-F, 17, IB 

Cynodesmus cooki Macdonald, 1963: 210, figs. 

'26, 27. 1970: 58. 

Holotype: SDSM 54308, right partial ra¬ 
mus with p4—m2 (fig. 17A, B), from the 
Wounded Knee area, SDSM loc. V5359, up¬ 
per part of the Sharps Formation (early Ari¬ 
kareean), Shannon County, South Dakota 
(Macdonald, 1963). 

Referred Specimens: From the type area: 
LACM 13975, right partial ramus with ml 
broken, m2, and m3 alveolus, LACM loc. 
1955; SDSM 55132, right partial ramus with 
p4 broken-m3, SDSM loc. V5410, upper 
part of the Sharps Formation (early Arika¬ 
reean). 

Little Muddy Creek, lower Arikaree 
Group (early Arikareean), Niobrara County, 
Wyoming: F:AM 49041, right partial ramus 
with cl (broken), pi—p3 alveoli, and p4— m3; 
F:AM 49042, partial skull with I2-M2, right 
and left partial rami with i3—m3 (fig. 17H— 
J), articulated right humerus and radius and 
ulna (fig. 17K—M), left humerus and incom¬ 
plete radius and ulna and first phalanx; F:AM 
49043, posterior part of skull, left ramus with 
cl (broken) and pi—m3 (fig. 17C—G), and 
distal part of tibia; F:AM 49046, left partial 
maxillary with P3 (broken)-M2; and F:AM 
49055, right partial ramus with p3—m2 (ml 
broken) and m3 (alveolus). 

Muddy Creek, lower Arikaree Group (me¬ 
dial Arikareean), Niobrara County, Wyo¬ 
ming: F:AM 49020, skull with II (alveolus) 
and 12—M2, mandible with i2—m3 (fig. 16A— 
F), articulated left distal partial humerus, and 


broken radius and ulna; F:AM 49022, left 
partial maxillary with P4-M2; F:AM 49023, 
partial skull with PI— P3 alveoli and P4 (bro- 
ken)-M2; F:AM 49024, left partial ramus 
with pl—p2 (both broken) and p3—ml; F:AM 
49025, right partial ramus with cl—m3; F: 
AM 49027, fragmentary skull with P4-M2, 
right partial ramus with cl—pl both broken, 
p2—m2, and m3 alveolus, and postcranial 
fragments including articulated tarsals and 
metatarsals I—V, from 25 ft above the ‘‘Ger- 
ing—Monroe Creek” contact; and F:AM 
49034, left partial maxillary with P4-M1, 
from 25 ft below white layer. 

North of Jeriah, lower Arikaree Group 
(?medial Arikareean), Niobrara County, Wy¬ 
oming: F:AM 49071, right partial ramus with 
p3 (broken alveolus), p4 (broken), ml—m2, 
and m3 alveolus. 

Distribution: Early Arikareean of South 
Dakota, and early to medial Arikareean of 
Wyoming. 

Emended Diagnosis: As the terminal spe¬ 
cies in the Otarocyon clade, O. cooki has, 
relative to O. macdonaldi, more brachyce- 
phalic skull, more expanded braincase, and 
more prominent temporal crests. 

Description and Comparison: The present 
reference of more complete material than 
was available in the topotype series (Mac¬ 
donald, 1963) reveals a remarkable animal 
with highly derived cranial morphology 
mixed with a relatively primitive, unspecial¬ 
ized dentition. This extraordinary combina¬ 
tion of cranial and dental structures is unique 
in many ways and requires a more detailed 
description. 

The brachycephally of Otarocyon cooki 
affects the skull shape in several ways. Be¬ 
sides having a relatively short and broad ros¬ 
trum, the braincase is also considerably ex¬ 
panded laterally (fig. 12). The nasal process 
of the frontal between the maxillary and na¬ 
sal is also shortened. The parallel temporal 
crests are strong. 

The most prominent feature of the basi- 
cranium of Otarocyon cooki is its hypertro¬ 
phied auditory bulla (fig. 16, 17). The exter¬ 
nal dimensions of the bulla far exceed in rel¬ 
ative size of skull those of most carnivorans. 
The bulla is nearly twice as large as that of 
a similar-size Hesperocyon in linear dimen¬ 
sions and thus must be approximately eight 
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Fig. 16. A. Upper teeth, B. lateral, C, ventral and D, dorsal views of skull, E, lower teeth, and F, 
ramus, Otarocyon cooki , F:AM 49020 (PI, paroccipital process, p2, and p3 reversed from right side). 
Muddy Creek, lower Arikaree Group (medial Arikareean), Niobrara County, Wyoming. G, Upper teeth, 
H, lateral, I, ventral, and J, dorsal views of skull, K, lower teeth, and L, ramus, Otarocyon macdonaldi, 
AMNH 38986, holotype, south of White River near Scenic, Scenic Member, Brule Formation (Orellan), 
Pennington County, South Dakota. The longer (upper) scale is for A, E. G, and K, and the shorter 
(lower) scale is for the rest. 



1999 WANG ET AL.: SYSTEMATICS OF BOROPHAGINAE 45 



Fig. 17. Otarocyon cooki. A. Lower teeth and B, ramus (reversed from right side), SDSM 54308, 
holotype. Wounded Knee area. Sharps Formation (early Arikareean), Shannon County, South Dakota. 
C, Lateral, D, ventral, and E, dorsal views of partial skull (bulla from right side), F, lower teeth, and 
G. ramus, F:AM 49043, Little Muddy Creek, lower Arikaree Group (early Arikareean), Niobrara County, 
Wyoming. H, Upper teeth, I, lower teeth, J, ramus, K, humerus. L, ulna, and M, radius, F:AM 49042 
(II, 13, P4—M2, and all limb bones reversed from right side). Little Muddy Creek. The longer (upper) 
scale is for A, F, H, and I, and the shorter (lower) scale is for the rest. 
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Fig. 18. Stereophotograph of basicranial region of Otarocyon cooki, F:AM 49043, Little Muddy 
Creek, lower Arikaree Group (early Arikareean), Niobrara County, Wyoming. Abbreviations: etr, epi- 
tympanic recess; smf, suprameatal fossa. Photograph by Lorrain Meeker. 


times larger in volume. Exact proportions of 
the bullar components are difficult to ascer¬ 
tain due to fusion of the sutures, but expan¬ 
sion of the caudal entotympanic is presum¬ 
ably the primary cause of the bullar inflation, 
since this has been the case in living canids 
that expand their bullae (Hunt, 1974). There 
is no indication on the internal bullar surface 
of a low septum, a unique structure present 
in nearly all canids (Wang and Tedford, 
1994). This absence of the septum is presum¬ 
ably a result of the extreme inflation of the 
thin-walled bulla, as also occurs in the living 
fennecs. The space between the two bullae is 
narrowed to about half the distance were the 
bullae not inflated. The opening of the ex¬ 
ternal auditory meatus is also considerably 
enlarged. The paroccipital process is ventral- 
ly oriented, completely hugs the bulla, and 
has no free tip. 

Another outstanding feature in the middle 
ear region of O. cooki is a large, deep, round¬ 
ed suprameatal fossa (fig. 18), a condition 
thought to be diagnostic of the procyonids 
(Riggs, 1942, 1945; Segall, 1943; Hough, 
1944, 1948). Although Schmidt-Kittler 
(1981) and Wolsan (1993) demonstrated a 


more extensive presence and varying pat¬ 
terns of the suprameatal fossa in many line¬ 
ages of musteloids, such a structure had not 
been reported in a canid except for a rudi¬ 
mentary stage of development in Hespero- 
cyon (Wang and Tedford, 1994), which 
serves well as a morphological precursor for 
the structural elaboration in Otarocyon. The 
fossa in Otarocyon is dorsally excavated into 
the squamosal shelf of the external auditory 
meatus and is expanded posteriorly into the 
mastoid process, a condition found in the 
procyonids but not the mustelids (see 
Schmidt-Kittler, 1981 and Wolsan, 1993). 
Yet little else in the basicranium of Otaro¬ 
cyon, besides the suprameatal fossa, suggests 
any arctoid characters. The mastoid process, 
although excavated by the suprameatal fossa, 
is not enlarged, as is the case in many arc- 
toids. There is an alisphenoid canal, which is 
lost in living procyonids and mustelids. 
Otarocyon thus becomes one more example 
of independent acquisition of a hypertro¬ 
phied suprameatal fossa, and is the only ca¬ 
nid known to have elaborated this structure 
to such an extent. 

Dental morphology of Otarocyon cooki. 
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on the other hand, is for the most part that 
of a basal canid with certain autapomorphies. 
Associated with the brachycephalic skull, the 
cheekteeth also become shortened, resulting 
in short, simple, high-crowned premolars 
(fig. 13; appendix 111). The trigonid of ml is 
also shortened and the shearing blade is rath¬ 
er obliquely oriented. The cusps of the lower 
molars also become high-crowned, including 
metaconids of ml—m2, hypoconid and ento- 
conid of ml, and entoconid of m2. In partic¬ 
ular, a deep notch between the high entoco¬ 
nid and metaconid of ml is a peculiar feature 
not seen in other borophagines. 

Discussion: Otarocyon cooki has re¬ 
mained in obscurity since its first description 
from the Wounded Knee area of South Da¬ 
kota (Macdonald, 1963), partly because of 
the fragmentary topotype material. Although 
generally primitive, the lower teeth of the 
topotype material offer sufficiently diagnos¬ 
tic characters that our reference of more 
complete skulls and mandibles to this rare 
species is secure and reveals a surprising 
combination of cranial and dental character¬ 
istics. 

In addition to the incomplete nature of the 
holotype, Macdonald’s (1963) reference of 
this species to Cynodesmus further com¬ 
pounds the problem of its relationship among 
canids. Since its initial establishment by 
Scott (1893), the genus Cynodesmus (type 
species C. thooides ) has gradually included 
more borophagine species, particularly be¬ 
cause of the early reference of Desmocyon 
thomsoni (see further comments under this 
taxon) to this genus. Macdonald’s alliance of 
cooki with Cynodesmus further stretched the 
concept of this genus. Cynodesmus is now 
restricted to two species within the Hesper- 
ocyoninae (Wang, 1994) and has a very dis¬ 
tant relationship to any borophagine. 

Rhizocyon, new genus 

Type Species: Cynodictis (?) oregonensis 
Merriam, 1906. 

Etymology: Greek: rhiza, root; cyon, dog. 

Included Species: Type species only. 

Distribution: Early Arikareean of 
Oregon. 

Diagnosis: Rhizocyon is derived relative 
to Archaeocyon, Oxetocyon, and Otarocyon 


in having a wider frontal shield, more quad¬ 
rate upper molars with anteriorly expanded 
lingual cingulum, and a connection between 
the lingual cingulum and metaconule on M2. 
It differs from members of the Phlaocyonini 
in its unenlarged bulla, posteriorly directed 
paroccipital process, small metaconule on 
Ml, and lack of protostylids on lower mo¬ 
lars. In contrast to Cormocyon and more de¬ 
rived borophagines, Rhizocyon lacks an elon¬ 
gated ml trigonid. 

Rhizocyon oregonensis (Merriam, 1906) 
Figure 19 

Canis gregarius Cope, 1879a: 58. 

Canis lippincottianus Cope, 1879a: 58. 

Galecynus gregarius (Cope): Cope, 1883: 241 (in 
part); 1884: 916 (in part), pi. 68, figs. 5-8. 
Galecynus lippincottianus (Cope): Cope, 1884: 

920 (AMNH 6883 only). 

Cynodictis gregarius (Cope): Wortman and Mat¬ 
thew, 1899: 130. 

Cynodictis (?) oregonensis Merriam, 1906: 4, 5, 
11, pi. 2, fig. 4. Merriam and Sinclair, 1907: 
184. Thorpe^ 1922a: 162-164. 

Cynodictis oregonensis (Merriam): Matthew, 
1909: 106. 

Nothocyon oregonensis (Merriam): Hall and Mar¬ 
tin. 1930: 283. 

Nothocyon lemur (Cope, 1879b): Macdonald, 
1970: 56-57 (in part). 

Cormocyon oregonensis (Merriam): Fremd and 
Wang^ 1995: 75. 

Lectotype: AMNH 6879, skull with II- 
12 both broken, 13—M2, and left ramus with 
cl broken—m3 (Cope, 1884: 917, pi. LXVIII, 
figs. 5—8; fig. 19), John Day Basin, John Day 
Formation, ?early Arikareean of Oregon. 

Merriam (1906) did not designate a holo¬ 
type in his original description of Cynodic- 
tis(T) oregonensis, although he did indicate 
that UCMP 316, a partial left ramus with i3- 
cl and p2—m2 (Merriam, 1906: pi. 2, fig. 4), 
was the “most important” among a series of 
jaw fragments in the UCMP collection. Mu¬ 
seum labels associated with UCMP 316 have 
labeled it the holotype, even though no sub¬ 
sequent publication has selected it as such. 
Unfortunately, some of the most diagnostic 
elements of UCMP 316 have been lost. The 
entire p3, part of the principal cusp of p4, 
the entire ml, and partial m2 (originally in¬ 
complete) are missing from UCMP 316, and 
the published line drawing of a lateral view 
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Fig. 19. Rhizocyon oregonensis. A, Upper teeth (P4—M2 reversed from right side), B, lateral, C, 
ventral, and D, dorsal views of skull. E, lower teeth, and F, ramus, AMNH 6879, lectotype, John Day 
Basin, John Day Formation (?early Arikareean), Oregon. The longer (upper) scale is for A and E, and 
the shorter (lower) scale is for the rest. 


is the only information available on these 
structures. The remaining i3—cl, p2, and p4 
are difficult to distinguish from similar-size 
John Day canids (e.g., Phlaocyon latidens). 
We choose AMNH 6879 as a lectotype, not 
only because of its far more complete and 
superior preservation, but also because the 
original diagnosis (Merriam, 1906: 11, fn. 3) 
included skull characteristics that could only 
have been observed on AMNH 6879, which 
thus must be part of the original syntype se¬ 
ries. 


Referred Specimens: From Turtle Cove 
Member of John Day Formation (early Ari¬ 
kareean), Wheeler and Grant counties, 
Oregon (biostratigraphic positions of some 
JODA specimens in the Turtle Cove Member 
are placed within a letter system by Fremd 
et al., 1994 and Fremd and Wang, 1995): 
AMNH 6881, fragmentary palate with P3 
broken, P3—M2, and right and left partial 
rami with p4— m3, from Camp Creek; 
AMNH 6883, right ramus fragment with 
worn ml—m2; AMNH 6914a, right ramus 
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fragment with p3-p4; JODA 398, left ramus 
fragment with p3-p4; JODA 688 (AMNH 
cast 129655), left maxillary fragment with 
Ml-M2; JODA 735, left ramus fragment 
with m2; JODA 791 (AMNH cast 129654), 
right ml. Bed E; JODA 1624, right ramus 
fragment with p4-m2. Bed K; JODA 1639, 
left ramus fragment with p4— m2. Bed F; 
JODA 1654, rostral part of skull with nearly 
complete dentitions. Bed J; JODA 1847, 
right ml. Bed E; JODA 3041, right ramus 
fragment with ml-m2. Bed E2; JODA 3433, 
skull and mandible fragments with right P3— 
Ml and left p4-ml. Bed E; JODA TF10922, 
left ramus fragment with ml. Bed C; UCMP 
316, partial left ramus with i3—cl and p2—m2 
(Merriam, 1906: pi. 2, fig. 4), from UCMP 
loc. 818, Blue Basin, Turtle Cove Member; 
UCMP 365, right ramus fragment with ml 
and erupting p4 (Merriam, 1906: pi. 2, fig. 
5); UCMP 79365, rostral part of skull with 
left and right P2-M2, UCMP loc. V-6322, 
Haystack 8-63, level 2; and YPM 12760, 
right ramus with p2—p3 and ml—m2 from 
Turtle Cove. 

Distribution: Early Arikareean of 
Oregon. Recent JODA collections suggest 
that Rhizocyon oregonensis is mostly restrict¬ 
ed to the lower part (Beds B—J of Fremd and 
Wang, 1995) of the Turtle Cove Member in 
the John Day Formation, and this is in es¬ 
sential agreement with Merriam and Sinclair 
(1907: 188), who listed it as from the “Mid¬ 
dle John Day.” 

Emended Diagnosis: Same as for mono- 
typic genus. 

Description and Comparison: Rhizocyon 
oregonensis is 22% larger (average of all 
dental measurements, appendix 111 ) and has 
a slightly more robust construction (fig. 12) 
than Archaeocyon pavidus. In addition, the 
anterior expansion of the braincase yields a 
wider postorbital constriction. Proportional¬ 
ly, R. oregonensis is most notable for having 
both a broad rostrum and short bulla as com¬ 
pared to other basal borophagines (palate 
width at PI and bulla length in fig. 12). The 
basicranium is primitive in its small bulla 
with a V-shape notch on the auditory meatus, 
as well as posteriorly oriented paroccipital 
process lacking contact with the posterior 
part of the bulla. Breakage of the entotym- 


panic bulla reveals a partial entotympanic 
septum at the ento- and ectotympanic suture. 

The ml entoconid is crestlike, and about 
the same height as the hypoconid. Metaconid 
of the m2 is higher than the protoconid. Al¬ 
though of larger size, the proportions of the 
teeth are similar to those in A. pavidus, with 
the exception of a longer PI and slightly 
shorter M2 (fig. 13). The ml trigonid in Rhi¬ 
zocyon is not as longitudinally oriented (i.e., 
more opened) as in A. leptodus or Conno- 
cyon and more derived forms. 

Discussion: Earlier references of this 
Oregon species either directly to Hespero- 
cyon gregarius (Cope, 1879a, 1883, 1884) or 
as a distinct species of Hesperocyon ( Cynod- 
ictis) (Merriam, 1906; Matthew, 1909; 
Thorpe, 1922a) reinforced the idea of a re¬ 
lationship of oregonensis to the small canids 
in the White River, as was also suspected of 
Archaeocyon pavidus. Our cladistic analysis, 
however, suggests that Rhizocyon represents 
a basal borophagine with some of the initial 
synapomorphies of the borophagine clade. 

Phlaocyonini, new tribe 

Type Genus: Phlaocyon Matthew, 1899. 

Included Genera: Cynarctoides McGrew, 
1938a; and Phlaocyon Matthew, 1899. 

Distribution: Early Arikareean through 
early Barstovian of North America. 

Diagnosis: Derived characters that distin¬ 
guish early Phlaocyonini from Archaeocyon 
and Rhizocyon include a large Ml metaco- 
nule and presence of a protostylid on ml. 
Phlaocyonines differ from Connocyon in 
possessing a primitively short, closed ml tri¬ 
gonid. 

Cynarctoides McGrew, 1938 

Type Species: Cynarctus acridens Barbour 
and Cook, 1914. 

Included Species: C. lemur (Cope, 
1879b); C. roii (Macdonald, 1963); C. har- 
lowi (Loomis, 1932); C. luskensis, new spe¬ 
cies; C. gawnae, new species; C. acridens 
(Barbour and Cook, 1914); and C. emryi, 
new species. 

Distribution: ?Whitneyan of South Da¬ 
kota; early Arikareean of Oregon, Nebraska, 
and South Dakota; medial or late Arikareean 
of South Dakota and Florida; late Arikareean 
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of Colorado, Nebraska, Wyoming, and New 
Mexico; early Hemingfordian of Nebraska, 
Idaho, Texas, and New Mexico; late Hem¬ 
ingfordian of Nebraska, Wyoming, and New 
Mexico; and early Barstovian of Nebraska, 
New Mexico, and California. 

Emended Diagnosis: Shared derived char¬ 
acters that distinguish all species of Cynarc- 
toides include parasagittal crests and slender, 
shallow horizontal ramus. Advanced species 
of Cynarctoides (C. luskensis and more de¬ 
rived forms) further developed narrow ros¬ 
trum, long jaws, narrow and long premolars, 
conical and high-crowned cusps in the lower 
molars, laterally shifted p4 accessory cusp, 
long M2 and m2, progressive larger hypo- 
cones in upper molars, higher metaconids in 
lower molars, and larger protostylids in low¬ 
er molars, although the slender jaws and pre¬ 
molars are later reversed in C. emryi. 

Discussion: The type species Cynarcto¬ 
ides acridens was originally recognized as a 
species of Cynarctus (Barbour and Cook, 
1914; Matthew, 1932; McGrew, 1937), most¬ 
ly because of the fragmentary nature of the 
holotype (a ramal fragment with a single 
ml). The discovery of the upper teeth al¬ 
lowed direct comparisons of the relevant taxa 
and led to the establishment of the genus Cy¬ 
narctoides by McGrew (1938a). However, 
McGrew regarded Cynarctoides as a primi¬ 
tive procyonid, as he did all other hypocar- 
nivorous borophagines then known (e.g., 
Phlaocyon and Cynarctus). With only dental 
materials available to her. Hough (1948) 
challenged this arrangement and considered 
Cynarctoides a canid, a view that won firm 
support from Galbreath (1956) in his analysis 
of a basicranial fragment of C. acridens from 
Colorado. Past discussions about Cynarcto¬ 
ides systematics, however, were mostly 
based on a few specimens reported in the lit¬ 
erature, and large morphological gaps left 
room for speculation. 

Such a deficiency in the fossil record is 
partially bridged in this study—large num¬ 
bers of specimens including skulls are now 
available from a wide range of geographic 
and geologic distributions. Additionally, 
three new species are described below, 
which, together with C. acridens, represent a 
nearly continuous series of intermediate stag¬ 
es of development toward a peculiar form of 


hypocarnivory quite different from that of 
both Phlaocyon and Cynarctus. For example, 
the upper carnassial (P4) of Cynarctoides re¬ 
mains largely primitive without a hypocone 
and has never gone beyond the addition of a 
slightly widened lingual cingulum. Its Ml— 
M2, however, usually have a discrete hypo- 
cone (except the basal species of C. lemur 
through C. luskensis), which is often sur¬ 
rounded lingually by a narrow cingulum, a 
peculiarity not seen in Phlaocyon and Cy¬ 
narctus. The tendency to develop distinct 
crests (e.g., crista obliqua) in the lower mo¬ 
lars is another reason for its unique appear¬ 
ance. Together, these features help to define 
a unique clade of borophagines and increase 
our confidence about the appearance of in¬ 
dependently acquired hypocarnivorous char¬ 
acters, such as the presence of a discrete hy¬ 
pocone on Ml-M2. 

Cynarctoides lemur (Cope, 1879b) 

Figure 20D-P 

Canis lemur Cope, 1879b: 371. 

Galecynus lemur (Cope): Cope, 1881b: 181; 
1883: 241, fig. 7; 1884: 915, 931, pi. 70. figs. 
6 - 8 . 

Cynodictis lemur (Cope): Scott, 1898: 400. 
Nothocvon lemur (Cope): Wortman and Matthew, 
1899: 127, 130. Matthew, 1899: 62; 1932: 3. 
Merriam, 1906: 13, pi. 2. Peterson, 1907: 53. 
Thorpe. 1922a: 165 (in part). Hall and Martin. 
1930: 283. Hough, 1948: 100. Macdonald, 
1963: 209; 1970: 56 (in part). Munthe, 1998: 
138. 

Cynodictis (?) oregonensis Merriam, 1906: 12, 
fig. 5 (in part). 

Bassariscops willistoni (Peterson, 1924): Peter¬ 
son, 1928: 97, fig. 7 (CMNH 11334 only). 
Bassariscops achoros Frailey, 1979 (in part): 134, 
figs. 3B. 4C. 

“Cormocyon” lemur (Cope): Fremd and Wang, 
1995: 74. 

Holotype: AMNH 6888, skull with Il-Cl 
alveoli and PI—M2 (P2 alveolus) (fig. 20D— 
F) from the John Day Basin, John Day For¬ 
mation (early Arikareean), Wheeler or Grant 
counties, Oregon. 

Referred Specimens: From the type area 
(biostratigraphic positions of some JODA 
specimens in the Turtle Cove Member are 
placed within a letter system by Fremd and 
Wang, 1995): AMNH 6889, partial skull 
with P2-P3 alveoli and P4-M2 (fig. 20G-I); 



1999 


WANG ET AL.: SYSTEMATICS OF BOROPHAGINAE 


51 


AMNH 6890, fragmentary skull with P4 al¬ 
veolus and Ml broken-M2; AMNH 6891, 
anterior part of skull with 13—P2 alveoli, P3— 
P4, and M1-M2 both broken; AMNH 6892, 
left partial ramus with p2—p3 alveoli and p4— 
m2 (fig. 20J, K), Camp Creek; AMNH 6893, 
right partial ramus with p4 broken, ml, and 
m2 alveolus; AMNH 6895, right ramal frag¬ 
ment with m2 broken; AMNH 6898, left iso¬ 
lated p4 and jaw fragment with ml; AMNH 
6900, right ramal fragment with ml broken— 
m2; AMNH 6914b, left ramal fragment with 
m2 and m3 alveolus; KUVP 600, partial 
skull with Cl—M2 (Hall and Martin, 1930: 
figs. 1—3) and right ramus with p3—m2, from 
“Haystack Valley, below Turtle Cove”; 
JODA 355, edentulous right ramus fragment, 
unit El; JODA 690, right P4; JODA 731, left 
Ml; JODA 790, right ramus fragment with 
broken p4-ml, unit El; JODA 825, rostral 
part of skull with left P3-M2 and right P4- 
Ml, unit E2; JODA 1243, left ramus frag¬ 
ment with ml, unit El; JODA 1352, partial 
skull, unit E2; JODA 1373, right ramus frag¬ 
ment with ml, unit El; JODA 1390, right 
P4, unit E2; JODA 1401, left maxillary frag¬ 
ment with Ml, unit C; JODA 1918, left Ml, 
unit El; JODA 2769, right ramus fragment 
with p3—p4, unit D; JODA 2856, left Ml, 
unit C; JODA 2859, right P4, unit C; JODA 
2918, right Ml, unit El; JODA 2971, right 
maxillary fragment with Ml—M2, unit E2; 
JODA 2977, broken right P4, unit E2; JODA 
2990, right ramus fragment with ml, unit E2; 
JODA 3049, p3, unit E3; JODA 3051 
(AMNH cast 129656), rostral part of skull 
with left P4-M2 and right P4-M1, unit El; 
JODA 3090, left ramus fragment with ml, 
unit E2; JODA 3380, left ml, unit D; JODA 
3394, left ramus fragment with ml, unit E; 
JODA 3442, broken left Ml; JODA TF8923, 
right Ml; JODA TF3924PC, left ramus with 
p3—ml, unit E3; UCMP 352, left partial 
maxillary with P3 broken—Ml and M2 al¬ 
veolus, Black Rock 3, loc. 839; UCMP 1104, 
left partial maxillary with P4—M2, Rudio 
Creek 1, UCMP loc. 869; UCMP 10208, par¬ 
tial skull with Cl—Ml all broken, Logan 
Butte 1, UCMP loc. 898 (Merriam, 1906: pi. 
2, fig. 2); UCMP 75217, left ramal fragment 
with ml. South Canyon Level 4, UCMP loc. 
V6600; uncataloged YPM specimen, field 
number 493, left partial maxillary with Cl— 


P3 alveoli, P4-M1, and M2 broken; uncata¬ 
loged YPM specimen, field number 785, left 
ramal fragment with ml broken—m2; uncat¬ 
aloged YPM specimen, field number 903, 
left maxillary fragment with Ml—M2 (fig. 
20L) and left ramal fragment with ml; un¬ 
cataloged YPM specimen, field number 940, 
Box 11-118, right isolated Ml and right ra¬ 
mal fragment with ml broken—m2, from Tur¬ 
tle Cove. 

Cedar Pass, ?Poleslide Member of Brule 
Formation (?Whitneyan), South Dakota: 
UCMP loc. V7228: UCMP 4130, anterior 
part of skull with C1-M2 (PI alveolus) and 
partial mandible with cl broken—m3 (p2 and 
m2 all broken). 

Sharps Formation (early Arikareean), 
Shannon County, South Dakota: F:AM 
50356, left partial maxillary with P3-M2, 
lower part of Sharps Formation, 12 ft above 
the Rockyford Ash; LACM 9368, right par¬ 
tial maxillary with P4 broken-Ml, LACM 
loc. 1955; SDSM 54307, right partial ramus 
with p4—m2 (fig. 20M, N), SDSM loc. 
V5359, south side of Sharps Cutoff road, up¬ 
per part of Sharps Formation; and SDSM 
55134, left ramal fragment with ml, SDSM 
loc. V5410, Godsell Ranch channel, base of 
upper part of Sharps Formation. 

Browns Park Formation (?early Arika¬ 
reean), Moffat County, Colorado: CMNH 
11334 (AMNH cast 89666) (fig. 200, P), left 
partial ramus with cl and ml—m2, and al¬ 
veoli of pi—p4 and m3, 1.5 mi southwest of 
Sunbeam (referred to Bassariscops willistoni 
Peterson, 1928: 96, fig. 7; this specimen is 
presumably lower in stratigraphic level than 
the better dated faunas found by Honey and 
Izett, 1988). 

Buda Local Fauna (medial Arikareean), 
Alachua County, Florida: UF 171368, right 
p4; UF 16969, left Ml; UF 160799, left ra¬ 
mal fragment with talonid of ml, m2, and 
m3 alveolus; UF 18403 (AMNH cast 
105034; Frailey, 1979: figs. 3B, 4C), left 
maxillary fragment with Ml—M2; UF 
160796, right P4; and UF 160797, left P4. 

Distribution: ?Whitneyan of South Da¬ 
kota, early Arikareean of Oregon and South 
Dakota, ?early Arikareean of Colorado, and 
medial Arikareean of Florida. 

Emended Diagnosis: In contrast to Rhi- 
zocyon, Archaeocvon, and other basal boro- 
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Fig. 20. A, Lower teeth and B. ramus (reversed from right side), Cynarctoid.es roii, SDSM 53321, 
holotype. Wounded Knee, Sharps Formation (early Arikareean), Shannon County, South Dakota. C, 
Upper teeth, C. roii, SDSM 54132, Wounded Knee, Sharps Formation. D, Upper teeth, and E, lateral 
and F, ventral views of skull, C. lemur, AMNH 6888, holotype. John Day Basin, John Day Formation 
(early Arikareean), Wheeler or Grant counties, Oregon. G, Upper teeth, and H, ventral and I, dorsal 
views of skull, C. lemur, AMNH 6889, John Day Formation. J, Lower teeth and K, ramus, C. lemur, 
AMNH 6892, Camp Creek, John Day Formation. L, M1-M2, C. lemur, YPM 903, John Day Formation. 
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phagines, derived characters of Cynarctoides 
lemur shared with other species of Cynarc¬ 
toides and the Phlaocyon clades include a 
large Ml metaconule and the presence of a 
protostylid on ml—m2. C. lemur shows the 
initial tendency of the genus: slender ramus 
and separate temporal crests. C. lemur prim¬ 
itively lacks derived characters in more ad¬ 
vanced species of the Cynarctoides clade: 
elongate premolars, conical talonid cusps of 
ml, and a protostylid on m2. It also primi¬ 
tively lacks other features that are synapo- 
morphies of Phlaocyon : short and robust pre¬ 
molars, shortened P4 with enlarged lingual 
shelf, quadrate Ml—M2, and wide ml tal¬ 
onid. 

Description and Comparison: Descrip¬ 
tions of the general cranial and dental mor¬ 
phologies of Cynarctoides lemur have been 
available for some time (Cope, 1884; Mer- 
riam, 1906; Hall and Martin, 1930; Hough, 
1948). In skull length, C. lemur is slightly 
larger than Archaeocyon. The most conspic¬ 
uous feature often noted about C. lemur is its 
enlarged bulla, which is larger than that in 
A. pavidus and Rhizocyon oregonensis. Other 
relevant features in the present phylogenetic 
analysis are concerned with two subtle dental 
characters: (1) a more distinct metaconule on 
Ml begins to take shape in most specimens 
of C. lemur, and (2) a protostylid begins to 
appear on the ml of C. lemur. The latter is 
a derived feature that signals the initiation of 
a hypocarnivorous clade, which quickly di¬ 
verged into Cynarctoides and Phlaocyon. 
The skull roof of C. lemur has paired tem¬ 
poral crests instead of a single sagittal crest 
in the primitive condition. The double tem¬ 
poral crests do not seem to be related to on¬ 
togenetic age, as is common in small carni- 
vorans, because individuals with modest 
(AMNH 6889) and advanced (AMNH 6888 
and 6891) wear on the permanent molars all 
exhibit this trait. 


Discussion: A protostylid on the ml has 
been traditionally used to differentiate Cy¬ 
narctoides lemur (considered absent) from 
the contemporaneous Phlaocyon latidens 
(e.g.. Cope, 1884; Merriam, 1906; Macdon¬ 
ald, 1963). Both species have been closely 
linked in almost all past discussions. Our ob¬ 
servations suggest that the protostylid is var¬ 
iably present in both species, although those 
in P. latidens tend to be better developed 
than in C. lemur. The protostylid therefore is 
a synapomorphy of a clade that includes Cy- 
narctoides and Phlaocyon, and this cusp is 
further elaborated in the species of Cynarc¬ 
toides. 

Matthew (1932: 3) was the first to specu¬ 
late that the origin of Cynarctoides acridens 
may be found in the John Day “Nothocyon” 
lemur or “ Nothocyon ” (= Phlaocyon ) lati¬ 
dens (however, he did not think his new spe¬ 
cies, Cynarctus mustelinus [presently syn- 
onymized under C. acridens ], was in the 
same group). In fact, he went so far as to 
suggest that the holotype of C. acridens be 
placed in the same genus ( Nothocyon ) as the 
two John Day species. Matthew’s suggestion 
is generally confirmed by our phylogenetic 
conclusions. 

Collections made by JODA field teams in 
recent years restrict the stratigraphic distri¬ 
bution of Cynarctoides lemur to a narrow 
range within the Turtle Cove Member of the 
John Day Formation, as opposed to the more 
vague “John Day Basin” frequently used in 
the literature. The species is found in units 
A—F below the Picture Gorge Ignimbrite 
(Fremd and Wang, 1995), now estimated to 
be around 28.7 Ma (Woodburne and Swisher, 
1995). Such a restricted range is consistent 
with the occurrence of representatives of this 
taxon in the Great Plains (Sharps Formation, 
South Dakota). 

Fragmentary materials (including speci¬ 
mens referred to Phlaocyon achoros) from 


M, Lower teeth and N, ramus (reversed from right side), C. lemur, SDSM 54307, Sharps Cutoff road. 
Wounded Knee, Sharps Formation. O, Lower teeth and P, ramus, C. lemur, CMNH 1 1334, Browns 
Park Formation (?early Arikareean), Moffat County, Colorado. Q, Lower teeth and R, ramus, C. harlowi, 
ACM 31-34, holotype, 3 mi southeast of Van Tassel. Upper Harrison beds, Niobrara County, Wyoming. 
The longer (upper) scale is for A, C, D, G, J, L, M, O, and Q, and the shorter (lower) scale is for the 
rest. 
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Fig. 21. Log-ratio diagram for cranial measurements of four species of Cynarctoides using A. pav¬ 
idus as a standard for comparison (straight line at zero). See text for explanations and appendix II for 
measurements and their definitions. 


the Buda Local Fauna, Florida, are provi¬ 
sionally referred to this species. It is of in¬ 
terest to note that JODA 3051, referred here 
to Cynarctoides lemur , exhibits certain initial 
features toward the development of Phlao- 
cyon achoros, which is known only in the 
Buda Local Fauna (see discussion under that 
species). 

Cynarctoides roii (Macdonald, 1963) 
Figure 20A-C, O, P 

IPhlaocyon Peterson, 1924: 303, fig. 2. 
Nothocvon roii Macdonald. 1963: 206, figs. 24, 

25. 1970: 54. 

Holotype: SDSM 53321 (AMNH cast 
129863), right partial ramus with p3—m2 and 
m3 alveolus (fig. 20A, B) from the Wounded 
Knee Area, SDSM loc. V5354, from near the 
top of the Sharps Formation (early Arika- 
reean). Shannon County, South Dakota. 

Referred Specimens: From the Wounded 


Knee Area, upper part of the Sharps For¬ 
mation (early Arikareean), Shannon County, 
South Dakota: LACM 9196 (AMNH cast 
129646), right partial ramus with p2—ml (p4 
broken), LACM loc. 1959; LACM 9284, 
right ramal fragment with ml broken, LACM 
loc. 1966; LACM 9462, left detached ml, 
LACM loc. 1982; LACM 9507, left partial 
ramus with ml—m2 and m3 alveolus, LACM 
loc. 1984; SDSM 5581, right partial ramus 
with p4—ml, SDSM loc." V5350; SDSM 
5583, right partial ramus with cl—p2 alveoli 
and p3-p4, SDSM loc. V5341; SDSM 
53322, left partial ramus with p4 broken—m2 
and m3 alveolus, SDSM loc. V5358; SDSM 
54132, fragmentary skull with P4-M2 (Mac¬ 
donald, 1963: fig. 25; fig. 20C), SDSM loc. 
V5354; SDSM 54252, left partial ramus with 
P4-M1, SDSM loc. V5354; SDSM 54273, 
left ramal fragment with ml, SDSM loc. 
V5360; UCMP 114775, left ramus fragment 
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with ml-m2, UCMP loc. V76043, Wolff 
Camp 2; and UCMP 121784, partial left ra¬ 
mus with p3 broken—m2 and m3 alveolus, 
UCMP loc. V75201 (= SDSM V5354). 

One mi east of Nebraska/Wyoming line. 
Horse Creek Basin, lower Arikaree Group 
(early Arikareean), Banner County, Nebras¬ 
ka: F:AM 49070, left partial ramus with p3- 
m2, from 20 ft above White Layer. 

Distribution: Early Arikareean of South 
Dakota and Nebraska. 

Emended Diagnosis: C. roii differs from 
C. lemur in its smaller size, entoconid of ml 
less prominent, protostylid on m2, and pro- 
toconid and metaconid of m2 close together. 
Compared to C. harlowi, C. roii is slightly 
larger and has longer premolars. 

Description and Comparison: C. roii is 
still poorly known and little can be added to 
the topotype series from the Wounded Knee 
Area, other than a questionable reference of 
a ramus from the early Arikareean of Ne¬ 


braska and possibly one from younger rocks 
of the Browns Park Formation of Colorado. 
Macdonald’s (1963) characterization of this 
species is thus still essentially valid, although 
his phylogenetic framework is quite different 
from ours. In general, C. roii is so primitive 
in its overall morphology that few characters 
can be identified to distinguish it from other 
basal borophagines. 

In light of our phylogeny, C. roii is close 
to the base of the Cynarctoides clade. The 
only features that suggest it to be on this side 
of the clade (as opposed to the Phlaocyon 
side) are its slender ramus and development 
of a labial cingulum (precursor of a protosty¬ 
lid) lateral to the m2 protoconid. However, 
C. roii still lacks a protostylid on the ml, a 
character present in all other more derived 
phlaocyonines. 

Discussion: Much remains to be learned 
about this rare and tiny borophagine. Its 
small size and generally primitive morphol- 
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ogy call for comparisons with C. lemur and 
C. harlowi. Although the poorly preserved 
specimens of C. roii and C. harlowi do not 
lend themselves to a rigorous phylogenetic 
analysis, we may speculate that these two 
species, possibly including C. lemur, form a 
small clade of their own, within which con¬ 
tinued size reduction seems to be the main 
trend. 

Cynarctoides harlowi (Loomis, 1932) 
Figure 20Q, R 

Pachycynodon harlowi Loomis, 1932: 326. fig. 9. 

Holotype: ACM 31-34 (AMNH cast 
48830), right partial ramus with p2—m3 and 
alveoli of cl—pi (fig. 20Q, R), from 3 mi 
southeast of Van Tassel, in the “Upper Har¬ 
rison” beds (late Arikareean), Niobrara 
County, Wyoming. 

Distribution: Late Arikareean of Wyo¬ 
ming. 

Referred Specimen: Holotype only. 

Emended Diagnosis: Cynarctoides harlo¬ 
wi differs from C. roii in its smaller size and 
shorter premolars. 

Description and Comparison: The holo¬ 
type of C. harlowi is still the only specimen 
known in the late Arikareean of Wyoming. 
It is the smallest borophagine and closest in 
size and morphology to C. roii. In fact, in all 
its dental measurements it is either near or 
slightly outside the lower end of correspond¬ 
ing measurements in C. roii. The only ob¬ 
servable difference between these two spe¬ 
cies is shorter p2—p4 in C. harlowi (fig. 22). 

Discussion: The advanced stage of wear, 
especially on molars, and poor state of pres¬ 
ervation of the holotype of C. harlowi make 
the determination of its taxonomic status dif¬ 
ficult. Although ACM 31-34 matches reason¬ 
ably well with some specimens of C. roii, its 
much younger age (late Arikareean) and pro¬ 
portional differences of the lower teeth sug¬ 
gest a distinct species. Macdonald (1963: 
208) compared C. harlowi with C. roii, and 
commented that “Nothocyon roii is ideally 
an ancestor to N. harlowi, as there is very 
little modification of the lower molars during 
the intervening time, and the major differ¬ 
ence is the reduction of the premolars in the 
younger species [A. harlowi].” In any case, 
wear on ACM 31-34 is so severe that to use 


it as the holotype of a species is dubious at 
best. Until more and better-preserved mate¬ 
rials are found, the status of C. harlowi can¬ 
not be clarified beyond the present recogni¬ 
tion that it probably represents a small bor¬ 
ophagine. 

Cynarctoides luskensis, new species 
Figure 23N-T 

Holotype: F:AM 49005, partial skull with 
C1-P2 alveoli, P3-M2, and partial mandible 
with cl, pi—p3 alveoli, and p4—m3 (fig. 
23N—R) from 18 mi southeast of Lusk, Up¬ 
per Harrison Beds (late Arikareean), Goshen 
County, Wyoming. 

Etymology: In reference to the locality of 
the holotype near the town of Lusk in Go¬ 
shen County, southeastern Wyoming. 

Referred Specimens: Upper Harrison 
Beds (late Arikareean), Wyoming: F:AM 
49003, right partial ramus with p2—m2 and 
m3 alveolus (fig. 23S, T), 7 mi southeast of 
Chugwater, Platte County; and F:AM 50225, 
right partial maxillary with P3—M2, from Jay 
Em area, high brown sand, Goshen County. 

Distribution: Late Arikareean of Wyo¬ 
ming. 

Diagnosis: In contrast to Cynarctoides le¬ 
mur and C. roii, C. luskensis has derived 
characters shared with all other more ad¬ 
vanced species of Cynarctoides: long, slen¬ 
der horizontal ramus, P3 and p3 posterior 
cusplet weak or absent, long and narrow pre¬ 
molars, ml talonid cusps high-crowned and 
conical, ml entoconid exceeding height of 
the hypoconid, and presence of a protostylid 
on m2. C. luskensis lacks derived characters 
found in C. gawnae and more derived spe¬ 
cies: fully encircled ectotympanic ring form¬ 
ing the roof of the external auditory meatus, 
cleft on Ml—M2 lingual cingulum and large 
conical hypocone, M2 paraconule, and 
strong m2 protostylid. 

Description and Comparison: The skull 
of the holotype, although laterally com¬ 
pressed, is the best preserved among all spe¬ 
cies of Cynarctoides. In contrast to other hy- 
pocarnivorous borophagines (such as Otar- 
ocyo?i and derived species of Phlaocyon, 
and, to a lesser extent, Rhizocyon), the ros¬ 
trum of Cynarctoides is slightly elongated as 
first shown in C. luskensis. The temporal 
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crests, trailing behind the small postorbital 
processes, are poorly defined, although the 
crests seem to be separate, as is consistent 
with the similar pattern in taxa more primi¬ 
tive ( C. lemur) and more derived (C. gawnae 
and C. acridens). The bulla is moderately in¬ 
flated, although its form is modified due to 
the mediolateral compression. The mastoid 
process is not enlarged and there is no su- 
prameatal fossa. The ectotympanic does not 
extend dorsally to form a full ring. The par- 
occipital process is ventrally oriented and 
fully fused with the bulla, a derived state 
shared with C. lemur and the rest of the Cy- 
narctoides—Phlaocyon clade. The masseteric 
scar (for origination of the superficial mas- 
seter muscle) on the anterior part of the jugal 
is wide, occupying approximately two-fifth 
of the total depth of the zygomatic arch. Be¬ 
ginning in C. luskensis, the mandible of Cy- 
narctoides species becomes very slender 
(shallow) and long, to accommodate the 
elongated premolars. On the holotype, the 
anterior crest of the ascending ramus extends 
ventrally and anteriorly to form an elongated 
ridge below the lower molars (fig. 23R). 

Dental morphology of Cynarctoides lu¬ 
skensis possesses an interesting mixture of 
primitive and derived characteristics. Besides 
the slender premolars, the upper teeth remain 
primitive and are close to the overall shape 
of those in C. lemur. The lingual cingulum 
in Ml—M2 lacks a deep cleft that creates a 
conical hypocone in later species of Cynarc¬ 
toides (beginning in C. gawnae ), although 
the posterior end of the cingulum is slightly 
swollen (on the holotype, the left Ml has a 
vague indication of a cleft, whereas that on 
the right side is less conspicuous). The M2 
metaconule is fully connected to the end of 
the lingual cingulum. The lower molars, on 
the other hand, are more derived, resembling 
advanced species of Cynarctoides. The ml 
protostylid is still weakly developed. The m2 
begins to develop a protostylid as well. 
Cusps on the m2 and on the talonid of ml 
show signs of becoming conical and higher 
crowned, instead of the crestlike and low 
crowned as in C. lemur and basal Phlaocyon 
species (P. minor and P. latidens). 

Discussion: Presently identified as a tran¬ 
sitional species of Cynarctoides, C. luskensis 
provides a crucial phylogenetic link between 


the advanced species of Cynarctoides and the 
primitive C. lemur. Its slender ramus and 
premolars and its pattern of lower molars are 
unmistakably those of Cynarctoides, whereas 
its upper molars are little more advanced 
than those in C. lemur. An elevated entoco- 
nid on the lower molars thus precedes the 
emergence of an isolated hypocone on the 
upper molars, as is a general rule in other 
hypocarnivorous borophagines. The more 
cuspidate cheekteeth seem to indicate an em¬ 
phasis toward puncturing, instead of shearing 
or grinding, reflecting an increasingly insec¬ 
tivorous diet. 

Cynarctoides gawnae, new species 
Figure 23G-I 

Cynarctoides, new species B Gawne, 1975: 2. 

Holotype: F:AM 49249, partial skull with 
Cl alveolus—M2 and both partial rami with 
cl broken and pi alveolus—m3 (fig. 23G—I) 
from Jeep Quarry, upper part of Chamisa 
Mesa Member of the Zia Formation (early 
Hemingfordian), Arroyo Pueblo drainage, 
Sandoval County, New Mexico. 

Etymology: In honor of Dr. C. E. Gawne 
for her earlier recognition of this species in 
her dissertation on the Zia Sand faunas. 

Referred Specimens: Jeep Quarry and 
Jeep Quarry horizon, upper part of the 
Chamisa Mesa Member of the Zia Formation 
(early Hemingfordian), Arroyo Pueblo drain¬ 
age, Sandoval County, New Mexico: F:AM 
49233, left ramus fragment with cl—pi, left 
detached ml, and p2—m3 alveoli; F:AM 
62775, right edentulous ramus fragment with 
pi—p4 alveoli. 

Jemez Creek drainage, southwest corner of 
Blickomylus Hill, local green zone near base 
of hill, near middle of Chamisa Mesa Mem¬ 
ber, Zia Formation (early Hemingfordian), 
Arroyo Pueblo drainage, Sandoval County, 
New Mexico: F:AM 49213, left partial ramus 
with c 1 broken, p 1 alveolus, p2—p3 both bro¬ 
ken, and p4—m2. 

Distribution: Early Hemingfordian of 
New Mexico. 

Diagnosis: Relative to the more primi¬ 
tive Cynarctoides luskensis, C. gawnae has 
acquired a fully encircled ectotympanic 
ring, a discrete hypocone on Ml—M2, and 
an enlarged protostylid of m2. It is, on the 



58 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


NO. 243 



Fig. 23. A, Lower teeth, B, ramus, and C, upper teeth, Cynarctoides acridens , F:AM 63140. Cy- 
narctoides Quarry, Chamisa Mesa Member, Zia Formation (early Hemingfordian), Sandoval County, 
New Mexico. D, Upper teeth, C. acridens, F:AM 49109, Ginn Quarry, temporally equivalent to Sheep 
Creek Formation (late Hemingfordian), Dawes County, Nebraska. E, Lower teeth and F, ramus (reversed 
from right side), C. acridens, AMNH 20502 (holotype of C. mustelinus), Stonehouse Draw, Sheep Creek 
Formation (late Hemingfordian), Sioux County, Nebraska. G, Upper teeth, H, lower teeth, and I, ramus 
(PI and p2 reversed from right side), C. gawnae, F:AM 49249, holotype. Jeep Quarry, Chamisa Mesa 
Member, Zia Formation. J. Lower teeth and K, ramus (reversed from right side), C. acridens, F:AM 
49112, Long Quarry, Sheep Creek Formation. L, Lower teeth and M, ramus (reversed from right side), 
C. acridens, F:AM 49126, Boulder Quarry, Olcott Formation (early Barstovian), Sioux County, Ne¬ 
braska. N, Upper teeth (P3 reversed from right side), O. lateral and P, ventral views of skull, Q, lower 
teeth, and R, ramus, C. luskensis, F:AM 49005, holotype, 18 mi southeast of Lusk, Upper Harrison 
beds (late Arikareean), Goshen County, Wyoming. S. Lower teeth and T, ramus (reversed from right 
side), C. luskensis, F:AM 49003, 7 mi southeast of Chugwater, Upper Harrison beds (late Arikareean), 
Platte County, Wyoming. The longer (upper) scale is for A, C—E, G, H, J, L, N, Q, and S, and the 
shorter (lower) scale is for the rest. 
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Fig. 24. A, Lower teeth and B, ramus (reversed from right side), Cynarctoides acridens, FMNH 
UC1547, east of Agate, Upper Harrison beds (late Arikareean), Sioux County, Nebraska. C, Upper teeth 
and D, lateral view of maxillary, C. acridens, FMNH UC1564, Agate area. Upper Harrison beds (late 
Arikareean), Sioux County, Nebraska. E, Lower teeth and F, ramus (reversed from right side), C. 
acridens , F:AM 49001, 18 mi southeast of Lusk, Upper Harrison beds (late Arikareean), Goshen County, 
Wyoming. G, Lower teeth and H, ramus (reversed from right side), C. emryi , UNSM 25455, holotype, 
Hemingford Quarry, Runningwater Formation (early Hemingfordian), Box Butte County. Nebraska. I, 
Lower teeth and J, ramus (reversed from right side), C. emryi, UNSM 25456, Hemingford Quarry. K, 
Ml—M2, C. emryi, UNSM 25615, Hemingford Quarry. L, Crown view of ml, and M, ramus, C. acri¬ 
dens, AMNH 82558 (HC 144), holotype, 4 mi northeast of Agate, Upper Harrison beds (late Arikareean), 
Sioux County, Nebraska. N, Upper teeth, O, lower teeth, P, ramus, Q, distal tibia, R, distal fibula, S, 
partial foot, and T, astragalus-calcaneum, C. acridens, F:AM 99360, Runningwater Formation (early 
Hemingfordian), Dawes County, Nebraska. The longer (upper) scale is for A, C, E, G, I, K, L, N, and 
O, and the shorter (lower) scale is for the rest. 
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other hand, primitive relative to C. acri¬ 
dens in that its Ml hypocone is not sur¬ 
rounded by a narrow lingual cingulum, and 
in that it has a less complex and smaller 
M2 without a distinct paraconule and an 
ml without a metastylid and with a weaker 
protostylid. 

Description and Comparison: The holo- 
type skull was severely flattened dorsoven- 
trally, obscuring much of the original pro¬ 
portions. The dorsal skull roof, however, is 
relatively intact and reveals a smooth tem¬ 
poral area with separate (although rather 
weak) temporal crests as in C. acridens and 
C. luskensis. Both bullae are crushed but 
seem to show no enlargement over that seen 
in C. luskensis. As in C. acridens , the ecto- 
tympanic forms a fully closed ectotympanic 
ring (dorsal extension to the roof of the ex¬ 
ternal auditory meatus) as opposed to the 
open, half ring in the primitive condition. In 
cranial proportion, C. gawnae is notable for 
its long and slender rostrum (length PI—M2 
vs. palate width at PI in fig. 21), character¬ 
istic of most advanced species of Cynarcto- 
ides. 

The upper and lower teeth and the man¬ 
dible are well preserved and clearly show 
intermediate characters between C. lusken¬ 
sis and C. acridens. Slight deepening of a 
transverse cleft on the lingual cingulum of 
Ml coupled with the rising of the posterior 
end of the cingulum creates a prominent hy¬ 
pocone, an advancement over that in C. lu¬ 
skensis. However, the hypocone still shows 
no sign of encirclement by a narrow cin¬ 
gulum on the lingual side, a derived condi¬ 
tion that begins in C. acridens. The hypo¬ 
cone development on the M2 is also inter¬ 
mediate between C. luskensis (crestlike) and 
C. acridens (conate). The ml protostylid re¬ 
mains small and fully attached to the pro¬ 
tocone base. The m2 protostylid, on the oth¬ 
er hand, is enlarged (in occlusal view) rel¬ 
ative to that in C. luskensis. As in C. lu¬ 
skensis, the crista obliqua on ml is still 
more or less sagittally oriented, instead of a 
more oblique orientation as in C. acridens 
and C. emryi. 

Discussion: In her unpublished disserta¬ 
tion on the geology and paleontology of the 
Zia Sand, Gawne (1973) described a new 
species of Cynarctoides, which was later re¬ 


ferred to as “Cynarctoides, new species B” 
(Gawne, 1975), but never formally pub¬ 
lished. The content of her new species is the 
same as this study, and we take this oppor¬ 
tunity to formally describe it. 

Cynarctoides gawnae is an example of a 
transitional form that bridges the gap be¬ 
tween C. acridens, which has many of the 
advanced characteristics of the genus, and 
C. luskensis, which has few. This combi¬ 
nation of transitional features allows a 
sense of the actual steps shown by species 
of Cynarctoides in acquiring their peculiar 
morphology. The fact that the earliest re¬ 
cords of C. acridens are from the late Ari- 
kareean of New Mexico and Nebraska sug¬ 
gests that C. gawnae must have had an 
equally long history, going back into the 
Arikareean (see further comments under C. 
acridens). 

Cynarctoides acridens (Barbour and Cook, 
1914) 

Figures 23A-F, J-M, 24A-F, L-T 

Cynarctus acridens Barbour and Cook, 1914: 226, 
pi. 1, figs, c, d. McGrew, 1937: 444, fig. 1. 
Nothocvon annectens Peterson. 1907: Thorpe, 
1922b: 429 (in part). 

Cynarctus mustelinus Matthew, 1932: 2, figs. 2, 
'3. 

“ Cynarctus ” acridens (Barbour and Cook): Mat¬ 
thew, 1932: 3. 

Cynarctoides acridens (Barbour and Cook): 
McGrew, 1938a: 324. fig. 87 (in part). Gal- 
breath, 1956: 373, fig. 1. Munthe, 1988: 98, 
figs. 23, 24; 1998: 134. 

Cynarctoides mustelinus (Matthew): Galbreath, 
1956: 373. Munthe, 1998: 134. 

Nothocyon near latidens (Cope. 1881b): Macdon¬ 
ald, 1963: 209; 1970: 56. 

Nothocyon aff. minor (Matthew, 1907): Gawne, 
1975: 2. 

Cynarctoides, new species A: Gawne, 1975: 2. 
Cynarctoides cf. C. acridens (Barbour and Cook): 
Galusha, 1975b: 57. 

Holotype: AMNH 82558 (HC 144), right 
partial ramus with ml and m2 alveolus from 
4 mi northeast of Agate, Upper Harrison 
Beds of Peterson (1907) (late Arikareean), 
Sioux County, Nebraska (fig. 24L, M). 

Referred Specimens: East of Porcupine 
Creek, lower part of Rosebud Formation 
(equivalent to Monroe Creek Formation or 
Harrison Formation of Macdonald, 1963: 
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157) (medial or late Arikareean), AMNH lo¬ 
cality “Rosebud” 32, Shannon County, 
South Dakota: AMNH 12873, right ramal 
fragment with ml (referred to Nothocyon 
near latidens by Macdonald, 1963: 209). 

First hill south of Syndyoceras Hill, 0.5 mi 
west of Agate, Harrison Formation (late Ari¬ 
kareean), Sioux County, Nebraska: AMNH 
81035 (HC 488), right ramus fragment with 
p4—ml. 

Agate area. Upper Harrison beds (late Ari¬ 
kareean), Sioux County, Nebraska: F:AM 
50229, partial left and right rami with cl—m3 
(mis broken), limb bone fragments, 9 mi 
southwest of Harrison, in high brown sand; 
F:AM 107600, isolated left Ml; FMNH 
UC1547 (AMNH cast 88393), right ramus 
with pi—p2 alveoli and p3—m3, from east of 
Agate (fig. 24A, B); FMNH UC1564 
(AMNH cast 88392), left maxillary and skull 
fragment with C1—PI alveoli broken and P2— 
Ml (fig. 24C, D); and FMNH P26201, right 
partial ramus with p2—m3. 

Eighteen mi southeast of Lusk, Upper 
Harrison beds (late Arikareean), Goshen 
County, Wyoming: F:AM 49001, right par¬ 
tial ramus with cl—pi alveoli, p2—m2, and 
m3 alveolus (fig. 24E, F); and F:AM 49002, 
right isolated ml from below high brown 
sand. 

Runningwater Formation (early Heming- 
fordian), Box Butte County, Nebraska: F:AM 
99364, right partial ramus with m2 and al¬ 
veoli of cl—ml and m3. Dry Creek, Prospect 
B; UNSM 25417, partial left ramus with cl, 
p2, p3—m2, and alveoli of pi, p3, and m3, 
UNSM loc. Bx-7; UNSM 25424, right partial 
ramus with p2—m2 and alveoli of cl—pi and 
m3, UNSM loc. Bx-7; UNSM 25462, left 
partial ramus with cl—p3 alveoli and p4—m2, 
UNSM loc. Bx-22, 12 mi west and 4 mi 
north of Hemingford; UNSM 25463, left Ml, 
Marsland Quarry, UNSM loc. Bx-22; UNSM 
25464, right ramus fragment with ml—m2 
and alveolus of m3, Marsland Quarry, 
UNSM loc. Bx-22; UNSM 25612, left partial 
ramus with cl—p3 alveoli and p4—m2, Hem¬ 
ingford area, UNSM loc. Bx-0; UNSM 
25666, right ramus with cl—pi alveoli, p2— 
m2, and m3 alveolus, Hemingford Quarry 
7B, UNSM loc. Bx-7B; UNSM 25723, right 
partial ramus with p2—p3 and p4— m2 all bro¬ 
ken, Hemingford Quarry 7B, UNSM loc. Bx- 


7B; UNSM 25724, right partial ramus with 
ml—m2, and m3 alveolus, Hemingford Quar¬ 
ry 12B, UNSM loc. Bx-71; UNSM 25766, 
left Ml, UNSM loc. Bx-7; UW 4141, left 
isolated broken Ml, UW loc. V-34001, 
Marsland Quarry; UW 4142, left isolated 
ml, UW loc. V-34001, Marsland Quarry; 
UW 4143, left isolated broken ml, UW loc. 
V-34001, Marsland Quarry; and UW 4144, 
right ramus fragment with broken p4—ml, 
UW loc. V-34001, Marsland Quarry. 

Runningwater Formation (early Heming- 
fordian). Cherry County, Nebraska: F:AM 
49178, left partial ramus with p4— m2 and m3 
alveolus. Antelope Creek; F:AM 107608, 
isolated left ml (broken); YPM 12781, right 
partial ramus with p4 broken—m2 and m3 al¬ 
veolus (referred to Nothocyon annectens by 
Thorpe [1922b: 429]), Antelope Creek. 

Runningwater Formation (early Heming- 
fordian), Dawes County, Nebraska: AMNH 
85956 (HC 1325), right ramus fragment with 
p4, Havorka Quarry; F:AM 25331, left ra¬ 
mus fragment with ml—m2 and alveolus of 
m3, from Belmont area; F:AM 25428, skull 
and ramus fragments with left P4—Ml, right 
M1-M2, left p2-ml, and right pl-m3. Elder 
Ranch; F:AM 25429, partial right ramus with 
p2—p3, p4 broken, and ml—m2 broken, Mar¬ 
shall Ranch; F:AM 49098, left partial ramus 
with p3—ml. Woods Canyon Quarry; F:AM 
49107, left partial ramus with p3—ml and al¬ 
veoli of pl-p2 and m2; F:AM 49108, left 
partial ramus with cl—m2 (broken); F:AM 
49121, right partial ramus with p2, p4—ml, 
and alveoli of pi, p2, and m2—m3, Dunlap 
Camel Quarry; F:AM 49122, right ramus 
fragment with p4— ml, Dunlap Camel Quar¬ 
ry; F:AM 49123, left ramus fragment with 
ml and alveolus of m2, “B” Quarry; F:AM 
99360, skull fragments, isolated left and right 
P4—M2, right and left rami with pi alveolus— 
m3, distal tibia and fibula, calcaneum, as¬ 
tragalus, tarsals, and metatarsals 1 , 11, and 111 
(fig. 24N—T); F:AM 99361, right partial ra¬ 
mus with p3—ml and m2 broken. Pebble 
Creek; F:AM 99363, left ramus fragment 
with m2—m3. Woods Canyon; F:AM 99365, 
left partial ramus with pi— p2 both broken 
and p3—m3. Cottonwood Creek Quarry; F: 
AM 99366, right partial ramus with pi—p3 
all broken, p4— ml, and m2 broken. Cotton¬ 
wood Creek Quarry; F:AM 99367, right par- 
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tial ramus with ml broken, Cottonwood 
Creek Quarry; F:AM 99368, isolated left ml. 
Cottonwood Creek Quarry; F:AM 99369, 
left ramus fragment with p4 root—ml. Cot¬ 
tonwood Creek Quarry; and F:AM 99371, 
left partial ramus with p3 alveolus—m2 and 
m3 alveolus. Cottonwood Creek Quarry. 

Runningwater Formation (early Heming- 
fordian), Bridgeport Quarry (UNSM loc. 
Mo-115), Morrill County, Nebraska: UNSM 
25434, right ramal fragment with ml bro- 
ken-m2 and m3 alveolus; UNSM 25435, left 
ramal fragment with p4-ml; UNSM 25437, 
right Ml; UNSM 25444, left dp4; UNSM 
25446, left Ml; UNSM 25450, left Ml; and 
UNSM 25460, right ramal fragment with 
ml—m3. 

Schoolhouse Prospect No. 2, Box Butte 
Formation (late Hemingfordian), Dawes 
County, Nebraska: F:AM 99372, right partial 
ramus with p4— m3. 

Dry Creek, Prospect A, Red Valley Mem¬ 
ber, Box Butte Formation (late Hemingfor¬ 
dian), Box Butte County, Nebraska: F:AM 
95277, left partial ramus with p4 broken, ml, 
and m2 broken. 

Ginn Quarry, in rocks temporally equiva¬ 
lent to the Sheep Creek Formation (late 
Hemingfordian), Dawes County, Nebraska: 
F:AM 49109, left partial maxillary with P3 
broken—Ml and M2 broken (fig. 23D). 

Split Rock Formation (late Hemingfordi¬ 
an), Granite Mountain, Fremont County, Wy¬ 
oming (as listed in Munthe, 1988: 99): 
CMNH 14710, M2 fragment from UCMP 
V69190; CMNH 14371, Ml fragment from 
UCMP loc. 69190; CMNH 14172, cl from 
UCMP loc. V69190; CMNH 14713, ml 
from UCMP loc. V69190; CMNH 15844, 
mandible fragment with p3, broken p2, and 
root of pi, from UCMP loc. V69190-69192; 
CMNH 15845, Ml fragment from UCMP 
loc. V69190-69192; CMNH 15846, ml 
from UCMP loc. V69190-69192; KUVP 
20350, m2 fragment from UCMP loc. 
V69190-69192; KUVP 20358, ml fragment, 
from UCMP loc. V69190-69192;"MCZ 
7317, maxillary fragment with P3-M2 and 
isolated P4, from UCMP loc. V69191; 
UCMP 21589, m2 from UCMP loc. V69191; 
UCMP 30084, m3 from UCMP loc. V77145; 
UCMP 121919, P4 fragment from UCMP 
loc. V69190; UCMP 121920, mandible frag¬ 


ment with ml from UCMP loc. V69190; 
UCMP 121921, ml from UCMP loc. 
V69191; and UWBM 62576, left ramus with 
p3-m2. 

Martin Canyon Local Fauna (early Hem¬ 
ingfordian), Logan County, Colorado: KUVP 
9970, partial left and right basicranium, left 
maxillary with P3—Ml and M2 alveolus, left 
ramus fragment with ml—m2 and m3 alveo¬ 
lus, and right ramus fragment with m2—m3 
(Galbreath, 1956: fig. 1). 

Lemhi Valley, 40 mi south of Salmon, in 
talus about 15 ft below white zone, Geertson 
Formation (early Hemingfordian), Lemhi 
County, Idaho: F:AM 63270B, right ramal 
fragment with broken ml and isolated M2. 

Hidalgo Bluff, Oakville Formation (early 
Hemingfordian), Washington County, Texas: 
TMM-BEG 40067-180 (AMNH cast 99659), 
left isolated Ml. 

Sheep Creek Formation (late Hemingfor¬ 
dian), Sioux County, Nebraska: AMNH 
20502, right partial ramus with ml—m2 (fig. 
23E, F), holotype of Cynarctus mustelinus 
Matthew (1932: 2), Stonehouse Draw; 
AMNH 20503, right partial ramus with p2 
alveolus, p3—p4, ml alveolus, and m2—m3, 
paratype of Cynarctus mustelinus Matthew 
(1932: 2), Stonehouse Draw; AMNH 22399, 
right ramus with cl—p2 alveoli and p3—m3, 
Ashbrook Pasture near Sinclair Draw; 
AMNH 22399A, right partial edentulous ra¬ 
mus, Ashbrook Pasture near Sinclair Draw; 
AMNH 96677, partial left ramus with p4 and 
ml-m3 alveoli. Agate area; F:AM 49110, 
left partial ramus with cl—pi alveoli and p2— 
m2 (ml broken), Greenside Quarry; F:AM 
49111, right partial ramus with p2—p3, p4 
broken, and ml—m3 alveolus, Thomson 
Quarry; F:AM 49112, right partial ramus 
with p2—m3. Long Quarry (fig. 23J, K); and 
F:AM 49114, right partial ramus with pi al¬ 
veolus—ml (p2, p4, and m2 all broken). Ra¬ 
vine Quarry. 

Olcott Formation (early Barstovian), 
Sioux County, Nebraska: F:AM 49105, left 
ramus with i 1—i3 broken alveoli and cl bro¬ 
ken—m3, Synthetoceras Quarry; F:AM 
49126, right ramus with cl alveolus—m3, 
Boulder Quarry (fig. 23L, M); F:AM 49127, 
left partial ramus with pi alveolus—m2, 
Humbug Quarry; F:AM 49128, left ramus 
with cl-m3. Humbug Quarry; F:AM 49129, 
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left partial ramus with cl, pi—p4 alveoli, bro¬ 
ken ml, m2, and m3 alveolus. Humbug 
Quarry; F:AM 49130, right ramus fragment 
with pi alveolus, p2, and p3 alveolus—p4. 
Humbug Quarry; F:AM 49131, left partial 
ramus with ml—m2 and m3 alveolus. Hum¬ 
bug Quarry; F:AM 49136, right and left par¬ 
tial rami with cl—ml and m2 broken, floor 
of Mill Quarry; F:AM 49137, left partial ra¬ 
mus with unerupted p2—p4, ml—m2 alveolus, 
and m3 unerupted, floor of Mill Quarry; F: 
AM 49138, right partial ramus with p4-m2 
and m3 alveolus. Mill Quarry; and F:AM 
49139, left ramus fragment p4 and ml bro¬ 
ken, Mill Quarry. 

Observation Quarry, Sand Canyon For¬ 
mation (early Barstovian), Dawes County, 
Nebraska: F:AM 25383, left isolated Ml; F: 
AM 25384, left isolated Ml; and F:AM 
49120, right maxillary fragment with P4 bro¬ 
ken. 

Standing Rock Quarry, lower part of the 
Piedra Parada Member of the Zia Formation 
(late Arikareean), Sandoval County, New 
Mexico: F:AM 49203, crushed skull with II- 
13 all broken. Cl, PI alveolus—M2, and man¬ 
dible with i3, cl broken, and pi—m3 (p2 bro¬ 
ken). 

Blick Quarry, near the middle of the 
Chamisa Mesa Member of the Zia Formation 
(early Hemingfordian), Arroyo Pueblo drain¬ 
age, Sandoval County, New Mexico: F:AM 
49200, left ramus fragment with broken ml; 
F:AM 49202, left and right partial rami with 
i3 broken—m3 (p4—ml both broken); F:AM 
49211, left P4; F:AM 49212, partial mandi¬ 
ble with cl-m3; F:AM 49234, left ramus 
fragment with ml and isolated right ml; F: 
AM 49235, partial mandible with cl-m3, 
southwest corner of hill containing Blick 
Quarry, low; F:AM 49236, left partial ramus 
with cl—pi alveoli and p2—ml (p3 and ml 
broken); F:AM 49237, right partial ramus 
with il—cl and pi broken—ml (p3 and ml 
broken); F:AM 49242, left partial ramus with 
p3 root—m3; and F:AM 50161, right ramus 
fragment with m2 broken. 

Cynarctoides Quarry, near the middle of 
the Chamisa Mesa Member of the Zia For¬ 
mation and the same level as Blick Quarry 
(early Hemingfordian), Arroyo Pueblo drain¬ 
age, Sandoval County, New Mexico: F:AM 
49204, right and left ramus fragment with p2 


and m2-m3 both broken; F:AM 49238, right 
and left partial rami with cl broken—m2; F: 
AM 50160, left partial ramus with p4-m2 all 
broken; F:AM 63140, anterior part of skull 
with 11-13 alveoli and C1-M2 and both par¬ 
tial rami with cl—m2 and m3 alveolus (fig. 
23A-C); F:AM 63141, right partial ramus 
with p4—ml both broken and m2; F:AM 
63142, right and left partial maxillae with 
P4-M2; F:AM 63143, right isolated Ml; F: 
AM 63150, anterior fragment of skull with 
Il-Pl alveoli and P2-M2; F:AM 63151, 
right partial ramus with cl—m2 (ml—m2 both 
broken) and m2 alveolus; F:AM 63152, right 
partial ramus with cl broken, pi alveolus, 
and p2-m3 (p4-ml both broken); F:AM 
63153A, two ramus fragment with pi—p3, 
p4, and ml broken; F:AM 63153B, ramus 
fragment with broken c 1 and broken base of 
teeth; and F:AM 63153C, ramus fragment 
and detached teeth including cl, p3, and bro¬ 
ken p4. 

South of Santa Cruz River, 50 ft below the 
Nambe White Ash Stratum, Nambe Member, 
Tesuque Formation (late Hemingfordian), 
Santa Fe County, New Mexico: F:AM 
63144, right and left partial rami with cl bro¬ 
ken, pi—p3 alveoli, p4 broken, ml, and m2 
broken. 

Tesuque Grant, Skull Ridge Member of 
Tesuque Formation (early Barstovian), Santa 
Fe County, New Mexico: F:AM 49201, left 
ramal fragment with ml broken and alveoli 
of m2-m3; and F:AM 63138, right partial 
ramus with cl root, pi—p2 alveoli, p3 bro¬ 
ken—m2, and m3 broken alveolus. 

Barstow Formation (early Barstovian), San 
Bernardino County, California: F:AM 27497, 
left maxillary fragment with P4—Ml, Yermo 
Quarry, 5 mi east of Yermo; and F:AM 
27539, left partial maxillary with P4-M2, 
Sandstone Quarry, “Second Division.” 

Distribution: Medial or late Arikareean of 
South Dakota; late Arikareean of Nebraska, 
Wyoming, and New Mexico; early Heming¬ 
fordian of Nebraska, Colorado, Idaho, Texas, 
and New Mexico; late Hemingfordian of Ne¬ 
braska, Wyoming, and New Mexico; and ear¬ 
ly Barstovian of Nebraska, New Mexico, and 
California. 

Emended Diagnosis: Besides the larger 
size, derived characters that distinguish Cy¬ 
narctoides acridens from C. gawnae are Ml 
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hypocone surrounded by a narrow cingulum, 
M2 larger and more complex with a larger 
paraconule, broader p4, a metastylid on ml, 
and a stronger protostylid on ml. This spe¬ 
cies, however, lacks the extreme specializa¬ 
tions in C. emryi such as the stylar cusps on 
the labial border of Ml; M2 and m2 nearly 
equal in size to Ml and ml; robust p4 with 
laterally shifted posterior accessory cusp; se- 
lenodont-like lower molars with lingually di¬ 
rected crista obliqua; and talonid cusps near¬ 
ly equal in height to those of the trigonids. 

Description and Comparison: Despite the 
large number of referred specimens listed 
above, the overall skull morphology of this 
species remains poorly known. Besides the 
basicranial fragments described by Galbreath 
(1956), a dorsoventrally flattened skull from 
the Zia Formation in New Mexico (F:AM 
49203) supplies additional cranial morphol¬ 
ogy. As demonstrated by Galbreath (1956), 
the middle ear region of C. acridens is es¬ 
sentially that of a primitive canid. It has a 
moderately inflated bulla and a ventrally di¬ 
rected paroccipital process that is fully fused 
with the bulla. The ectotympanic extends 
dorsally to form a full tympanic ring. The 
mastoid process is not enlarged and there is 
no suprameatal fossa. The skull roof has 
paired temporal crests except for a small seg¬ 
ment near the nuchal crest. The masseteric 
scar on the zygomatic arch is wide, making 
up two-fifth of its depth. 

With the large sample of lower jaws avail¬ 
able, a better appreciation of variation is pos¬ 
sible. Although most of the horizontal rami 
remain slender (a derived character acquired 
since C. luskensis ), some individuals of C. 
acridens show a stronger ramus, such as de¬ 
veloped in C. emryi. These individuals also 
tend to broaden their p4 slightly, but not 
quite to the degree of robustness of the p4 in 
C. emryi. 

The dentition of Cynarctoides acridens is 
highly derived. The Ml hypocone not only 
becomes higher but also is surrounded lin- 
gually by a narrow cingulum. The anterior 
end of the lingual cingulum is also enlarged, 
but not quite to the stage of an isolated cusp 
as in C. emryi. The ml protostylid is en¬ 
larged at the expense of the protoconid. The 
protostylid is a distinct cusp fully detached 
from the base of the protoconid, in contrast 


to being more closely appressed to the pro¬ 
toconid in C. gawnae and C. luskensis. A 
small metastylid is present on ml—m2 for the 
first time, and tends to be better developed 
in specimens from New Mexico than in those 
from the Great Plains. Cusps on m2 are high¬ 
er-crowned and more conical than in C. lu¬ 
skensis and C. gawnae. 

Discussion: Despite the nearly identical 
size and shape of the holotypes of Cynarc¬ 
toides acridens and C. mustelinus, Matthew 
(1932: 3) considered his Cynarctus musteli¬ 
nus to differ generically from the former, 
which he thought to be nearer to “Notho- 
cyon ” lemur from John Day. Galbreath 
(1956) and Munthe (1988), on the other 
hand, failed to see any distinction even at the 
species level. As pointed out by Munthe 
(1988: 103), Matthew apparently allowed 
stratigraphic relationships to be a major fac¬ 
tor in his taxonomic determination. At the 
time, C. acridens was known only from the 
Upper Harrison beds, whereas Matthew’s 
two specimens of C. mustelinus (AMNH 
20502 and 20503) were from the Sheep 
Creek Formation. In light of the present re¬ 
cords, it is clear that C. acridens had a nearly 
continuous range from the medial Arikareean 
through early Barstovian of the Great Plains 
and the southwestern United States. Further¬ 
more, despite the multiple species of Cy¬ 
narctoides newly described here, C. acridens 
remains the most persistent among ah species 
of the genus both in terms of geologic range 
and geographic distribution. In fact, C. ac¬ 
ridens coexisted with all advanced species of 
Cynarctoides (C. luskensis and above) in one 
area or at one time, and it was always more 
abundant and outlasted ah other species 
when they did co-occur (fig. 141). It thus 
seems no coincidence that C. acridens was 
the first to be discovered and that it remained 
the only valid species recognized of the ge¬ 
nus until this study. 

Cynarctoides emryi , new species 
Figure 24G-K 

Cynarctoides acridens (Barbour and Cook, 1914): 

McGrew, 1938a: 328, fig. 88 (in part). 

Holotype: UNSM 25455 (F:AM cast 
96711), right partial ramus with p3 broken 
alveolus—m3 (ml broken) (fig. 24G, H), from 
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Hemingford Quarry 7B (UNSM loc. Bx-7B), 
Runningwater Formation (early Hemingfor- 
dian). Box Butte County, Nebraska. 

Etymology: Named for Dr. Robert J. 
Emry of the National Museum of Natural 
History, the Smithsonian Institution, in rec¬ 
ognition of his important fieldwork in Ne¬ 
braska. 

Referred Specimens: From the type local¬ 
ity, Hemingford Quarry 7B (UNSM loc. Bx- 
7B), Runningwater Formation (early Hem- 
ingfordian), Box Butte County, Nebraska: 
UNSM 25456, right partial ramus with cl 
broken, pi—p2 alveoli, p3, and p4 root—m3 
(fig. 241, J); UNSM 25615 (F:AM cast 
96710), left partial maxillary with M1-M2 
(fig. 24K); and UNSM 25722, right partial 
ramus with cl—ml all broken. 

Woods Canyon, Runningwater Formation 
(early Hemingfordian), Dawes County, Ne¬ 
braska: F:AM 25432, right partial ramus with 
cl broken, pi alveolus, p2 broken—ml, and 
m2 alveolus; and F:AM 49106, right and left 
partial rami with p2—ml. 

Stamen Ranch, Runningwater Formation 
(early Hemingfordian), Sioux County, Ne¬ 
braska: F:AM 99362, right partial ramus with 
p4—m3. 

Upper Harrison Beds (late Arikareean), 
Sioux County, Nebraska: FMNH P25548, 
right maxillary fragment with P4 alveolus 
and M1-M2 (McGrew, 1938a: fig. 88), from 
near Agate. 

Distribution: Fate Arikareean to early 
Hemingfordian of Nebraska. 

Diagnosis: Derived characters that distin¬ 
guish this species from Cynarctoides acri- 
dens and other more primitive species of the 
genus are: Ml with anterolabial stylar cusps 
and M2 with minute anterolabial stylar cusp; 
lack of connecting crest between paracone 
and metacone of Ml—M2 (i.e., complete 
transverse division by a valley); p4 posterior 
accessory cusp laterally displaced; selen- 
odont ml—m2; ml trigonid shorter, protos- 
tylid larger relative to protoconid, entoconid 
extremely tall, much taller than hypoconid 
and about equal to height of metaconid; fur¬ 
ther enlargement of m2 to almost the same 
size as ml; m2 protostylid larger and ento¬ 
conid extremely tall, much taller than hypo¬ 
conid and approximating height of metaco¬ 


nid; and m3 large with strong labial cingu¬ 
lum and protostylid. 

Description and Comparison: Teeth of 
Cynarctoides emryi reveal an animal with 
highly unique dental morphology. In almost 
every aspect of the dentition, C. emryi shows 
the extreme modifications of the Cynarcto¬ 
ides clade. The most obvious is the devel¬ 
opment of the almost selenodont-like upper 
and lower molars. Other species of Cynarc¬ 
toides have upper molars whose cusps re¬ 
mained conical. In C. emryi, however, the 
paracone and metacone have developed an 
anterior and a posterior crista extending la- 
bially to form stylar cusps. The lingual cin¬ 
gulum in front of the hypocone has further 
differentiated into two additional cusps, one 
immediately lingual to the protocone (this 
cusp was probably independently acquired in 
certain population of C. acridens, e.g., F:AM 
49109, fig. 23D) and one slightly more an¬ 
terior and labial. Such enlargements of the 
cingular cusps contributed to the reduction of 
the protocone. 

The M2 and m2 in C. emryi are almost 
identical in size and morphology to the Ml 
and ml (fig. 24G, I, K), an obvious trend 
toward increasing the grinding surfaces that 
began in C. acridens. The ml—m2 also be¬ 
come relatively short and broad, and their 
talonid cusps have nearly the same height as 
the trigonid cusps. In correlation with the 
further enlarged protostylids in the ml—m2, 
the posterior accessory cusp of the p4 is also 
enlarged and laterally shifted to resemble a 
protostylid of the lower molars. 

Discussion: Cynarctoides emryi from the 
late Arikareean and early Hemingfordian of 
Nebraska coexists with C. acridens. It is in¬ 
teresting to note, however, that the more 
primitive C. acridens outlasted C. emryi and 
survived well into the early Barstovian. The 
former also had a much wider distribution 
(New Mexico and California, in addition to 
the states in the northern Great Plains). 

As the phylogenetically terminal member 
of the Cynarctoides clade, C. emryi is the 
most hypocarnivorous of all species. In fact, 
the dental morphology of this small carniv- 
oran has in many ways gone beyond the nor¬ 
mal repertoire of a hypocarnivorous carniv- 
oran and shows adaptations to insectivory or 
herbivory in its rather selenodont lower mo- 
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lars. Such a specialization is extremely rare 
among carnivorans, and is known only in lo- 
phocyonine viverrids in the Miocene of Eu¬ 
rope (Fejfar and Schmidt-Kittler, 1984, 1987; 
Koufos et al., 1994). 

Phlaocyon Matthew, 1899 

Bassariscops Peterson, 1924. 

Aletocyon Romer and Sutton, 1927. 

Type Species: Phlaocyon leucosteus Mat¬ 
thew, 1899. 

Included Species: P. minor (Matthew, 
1907); P. latidens (Cope, 1881b); P. annec- 
tens (Peterson, 1907); P. achoros (Frailey, 
1979); P. multicuspus (Romer and Sutton, 
1927); P. marslandensis McGrew, 1941; P. 
leucosteus Matthew, 1899; P. yatkolai, new 
species; and P. marine, new species. 

Distribution: Early Arikareean of Oregon 
and Wyoming; medial Arikareean of South 
Dakota and Florida; late Arikareean of South 
Dakota, Nebraska, Wyoming, Colorado, 
Florida and Texas; early Hemingfordian of 
Nebraska and Colorado; and late Heming¬ 
fordian of Nebraska. 

Emended Diagnosis: Synapomorphies that 
unite Phlaocyon are robust premolars, wid¬ 
ened P4, quadrate (elongated) upper molars 
relative to P4, and wide ml talonid. In cra¬ 
nial proportions, all Phlaocyon tend to have 
a deep jugal, a wide rostrum, and a wide zy¬ 
gomatic arch. 

Discussion: Because Phlaocyon and Pro- 
cyon share convergent adaptations toward 
hypocarnivorous dentitions, earlier discus¬ 
sions on the phylogenetic relationships of 
Phlaocyon (mainly P. leucosteus) are mostly 
in the context of the evolution of procyonids. 
Phlaocyon was considered an intermediate 
form between the living raccoon (Procyon) 
and primitive canids (Wortman and Matthew, 
1899; McGrew, 1938a, 1939, 1941). In her 
landmark study of the basicrania of fossil 
North American carnivorans. Hough (1948) 
first demonstrated the essentially canid mid¬ 
dle ear region in P. leucosteus, a conclusion 
independently reached by Dahr (1949). Con¬ 
sistent with this conclusion, our present ref¬ 
erence to Phlaocyon of several species, pre¬ 
viously regarded as unrelated, fills much of 
the large gap between P. leucosteus and 
more primitive borophagines (such as Ar- 


chaeocyon). Our descriptions of three new 
species below further demonstrate a hypo- 
carnivorous clade that is considerably more 
diverse than previously thought, and our cla- 
distic concept of Phlaocyon encompasses a 
morphological spectrum far beyond the tra¬ 
ditional boundary of the genus (e.g., Peter¬ 
son, 1928; Stevens, 1977: 34-35). 

Phlaocyon minor (Matthew, 1907) 
Figures 25, 26H-N 

Cynodesmus minor Matthew, 1907: 189. Macdon¬ 
ald, 1963: 212. 

Tephrocyon sp. Wood and Wood, 1937: 139, fig. 

1 (13). 

Tomarctus minor White, 1941b: 95. 

Nothocyon minor Cook and Macdonald, 1962: 

561. Macdonald, 1970: 57. 

Holotype: AMNH 12877, right partial 
maxillary with P4—M2, left partial ramus 
with cl—pi alveoli, p2—ml (fig. 25C—F), and 
limb fragments, from 4 m. E. of Porcupine 
P.O. ... E. of Porc[upine] Cr’k . . . upper 
Rosebud, AMNH “Rosebud” 22, Rosebud 
Formation (late Arikareean), Shannon Coun¬ 
ty, South Dakota (Macdonald, 1963: 156). 

Referred Specimens: From the Wounded 
Knee-Rosebud fauna (late Arikareean), 
Shannon County, South Dakota: AMNH 
12878, left partial ramus with p3 alveolus 
and p4— m3, from AMNH “Rosebud” 5, east 
of Porcupine Butte, upper Rosebud beds 
(“Rosebud Formation” of Macdonald [1963: 
154]); and AMNH 13800, right and left rami 
with il— m3, 2 mi west of American Horse 
Creek, Upper Rosebud Beds. 

Little Muddy Creek, lower Arikaree 
Group (early Arikareean), Niobrara County, 
Wyoming: F:AM 49054 (fig. 25A, B), left 
partial ramus with p3 broken—ml and m2 
broken. 

Turtle Butte Formation (medial Arika¬ 
reean), Tripp County, South Dakota: SDSM 
8540 (AMNH cast 98586), left partial ramus 
with p4— m2 and alveoli of p3 and m3. 

Syndyoceras Hill, 0.5 mi west of Agate, 
Harrison Formation (late Arikareean), Sioux 
County, Nebraska: AMNH 81033 (HC 489), 
left ramus fragment with cl broken—pi, p2— 
p4 alveoli, and ml from first hill south in 
Syndyoceras layer. 

Upper Harrison beds (late Arikareean), 
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south of Lusk, Wyoming: F:AM 27578, right 
and left partial rami with pi alveolus—m2. 
Sand Gulch, Goshen County; F:AM 49073, 
right partial ramus with cl broken, pi-p2 al¬ 
veoli, and p4— ml. Royal Valley, Niobrara 
County; F:AM 49081, left partial ramus with 
p4 broken—m2 and m3 alveolus (fig. 25G, 
H), Silver Springs, Niobrara County; and F: 
AM 50223, right partial ramus with p3-m2. 
Jay Em Section, high, Goshen County. 

Upper Harrison beds (late Arikareean), 
Van Tassel area, Niobrara County, Wyoming: 
F:AM 49004, skull with I3-M2 (P3 broken, 
fig. 26H—K), partial mandible with cl bro¬ 
ken—m3 (fig. 26L, M) and left humerus (fig. 
26N) articulated with proximal end of ulna 
and radius, right distal end humerus, isolated 
vertebrae, and limb fragments, 1.5 mi south¬ 
west of Van Tassel, low. 

Upper Harrison beds (late Arikareean), 
Guernsey area, Platte County, Wyoming: F: 
AM 50218, skull fragment with P4-M2 and 
partial mandible with cl—m3 (fig. 251—K) 
from 3 mi southeast of Guernsey, 7 ft below 
the green-white layer. 

Cedar Run Local Fauna, Cedar Creek, 
Oakville Formation (late Arikareean), Wash¬ 
ington County, Texas: AMNH 30087, isolat¬ 
ed right broken Ml (Wood and Wood, 1937: 
fig- 1 [13]). 

Distribution: Early Arikareean of Wyo¬ 
ming; medial to late Arikareean of South Da¬ 
kota; late Arikareean of Nebraska, Wyoming, 
and Texas. 

Emended Diagnosis: As the most basal 
species of Phlaocyon, P. minor possesses all 
the synapomorphies (mostly in their initial 
stage of development) of the genus that can 
be used to distinguish it from primitive bor- 
ophagines such as Archaeocyon, Rhizocyon, 
and Cynarctoides : robust and shortened pre¬ 
molars, quadrate Ml, and widened ml tal- 
onid. Additionally, P. minor has two aut- 
apomorphies, double temporal crests, and an 
elongated m2 relative to that of ml. On the 
other hand, P. minor lacks derived features 
in P. latidens and more derived species: wid¬ 
ened P4 with a distinct lingual cingulum or 
hypocone, a cleft on lingual cingulum of Ml 
isolating the hypocone, and more distinct 
protostylid on ml. 

Description and Comparison: The present 
reference of F:AM 49004, a nearly complete 


skull and mandible, furnishes morphologies 
previously unknown in P. minor. Although 
imperfectly preserved, especially in its frag¬ 
mentary teeth, F:AM 49004 shows a cranium 
very close to that of P. latidens. The most 
prominent feature of the skull is the inflated 
braincase (braincase width in fig. 27). Such 
an expansion of the braincase seems to cause 
the temporal crests (very weak) to remain 
separate anterior to the inion. Other cranial 
proportions that suggest membership in the 
Phlaocyon clade include a deep jugal, a 
broad palate, and a wide zygomatic arch (see 
fig. 27). The temporal fossa is short (length 
M2 to bulla in fig. 27), which appears to be 
a feature in F:AM 49004 alone among 
Phlaocyon species. The paroccipital process 
is rodlike, ventrally oriented, and has almost 
no free tip (i.e., it is completely fused with 
the bulla). The mastoid process is not inflat¬ 
ed. Both bullae are crushed inward, creating 
an appearance of much smaller bullae than is 
indicated by the position of their attachment 
to the surrounding bones. The anterior zy¬ 
gomatic arch still has a rather wide masse¬ 
teric scar. 

At the base of the Phlaocyon clade, P. mi¬ 
nor shares only the initial development of the 
diagnostic features of the genus, and some of 
these dental characters are also variable. For 
example, the robustness of premolars, the 
widening of ml talonid, and the enlarged m2 
are only variably present in the known sam¬ 
ple of P. minor. In contrast to the usually 
well-developed protostylids on ml of P. la¬ 
tidens, this cusp occurs in P. minor only rare¬ 
ly (4 of 13 individuals) and is usually poorly 
developed or shows a rudimentary impres¬ 
sion only when present. Such a stage of de¬ 
velopment of the protostylid is here postu¬ 
lated to be equivalent to that in Cynarctoides 
lemur (see further discussion under that spe¬ 
cies), although a larger sample is certainly 
desirable to improve statistical inference. 

Discussion: Cook and Macdonald (1962) 
commented on the close resemblance of P. 
minor to P. latidens, and this was their rea¬ 
son for including minor in Nothocyon. An 
editorial error in Macdonald (1963) left mi¬ 
nor in Cynodesmus, but this was later cor¬ 
rected (Macdonald, 1970). White (1941b) 
noted the confusion about Cynodesmus cre¬ 
ated by Matthew’s (1907) reference of C. mi- 
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Fig. 25. Phlaocyon minor. A, Lower teeth and B, ramus, F:AM 49054, Little Muddy Creek, lower 
Arikaree Group (early Arikareean), Niobrara County, Wyoming. C, Upper teeth, D. lateral view of 
maxillary (reversed from right side), E, lower teeth, and F, ramus, AMNH 12877, holotype, Rosebud 
Formation (late Arikareean), Shannon County, South Dakota. G, Lower teeth and H. ramus, F:AM 
49081, Upper Harrison beds (late Arikareean), Silver Springs, Niobrara County, Wyoming. I, Upper 
teeth, J. lower teeth, and K, ramus (M1-M2 and pi reversed from right side), F:AM 50218, Upper 
Harrison beds (late Arikareean), Guernsey area, Platte County, Wyoming. The longer (upper) scale is 
for A. C, E, G, I, and J, and the shorter (lower) scale is for the rest. 


nor and C. thomsoni to this genus. However, 
White’s paper was overlooked by most sub¬ 
sequent authors, and the confusion continued 
until quite recently. Cynodesmus is now rec¬ 
ognized as belonging to the Hesperocyoninae 
(Wang, 1994: 61-62). 

Phlaocyon latidens (Cope, 1881b) 

Figure 26A-G 

Galecynus latidens Cope, 1881b: 181. Cope, 
1884: 915, pi. 70, figs. 4, 5. 

Cynodictis latidens (Cope): Scott, 1898: 400. 
Nothocyon latidens (Cope): Matthew, 1899: 62; 
1932: 3. Wortman and Matthew, 1899: 127- 
130. Merriam, 1906: 15, pi. 2, figs. 6, 7. Peter¬ 


son, 1907: 53. Thorpe, 1922a: 164. Hall and 
Martin, 1930: 283. Munthe, 1998: 138. 
“Cormocyon” latidens (Cope): Fremd and Wang, 
1995: 74. 

Holotype: AMNH 6896, crushed partial 
skull with P3 alveolus, P4-M2, and left ra¬ 
mus with pi—p2 alveoli, p3—m2, and m3 al¬ 
veolus (fig. 26A—E) from the John Day Ba¬ 
sin, John Day Formation (?early Arikareean), 
Grant or Wheeler counties, Oregon. 

Referred Specimens: John Day Formation 
(early Arikareean), Grant or Wheeler coun¬ 
ties, Oregon (biostratigraphic positions of 
some JODA specimens in the Turtle Cove 
Member are placed within a letter system by 
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Fig. 26. A, Upper teeth, B, lateral view and C, ventral view of skull, D, lower teeth, E, ramus, Phlaocyon latidens, AMNH 6896, holotype, 
John Day Basin, John Day Formation (?early Arikareean), Oregon. F, Lower teeth and G, ramus (reversed front right side), P. latidens, AMNH 
6897, John Day Basin. H, Upper teeth, I, lateral, J, ventral, and K, dorsal views of skull, L, lower teeth, M, rantus, and N, humerus, Phlaocyon 
minor, F:AM 49004 (zygomatic arch, PI, P2, P4, Ml, and entire lower jaw reversed front right side). Upper Harrison beds (late Arikareean), 
Van Tassel area, Niobrara County, Wyoming. The longer (upper) scale is for A, D, F, H, and L, and the shorter (lower) scale is for the rest. 
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Fig. 27. Log-ratio diagram for cranial measurements of five species of Phlaocyon using Archaeocyon 
pavidus as a standard for comparison (straight line at zero). See text for explanations and appendix II 
for measurements and their definitions. 


Fremd and Wang, 1995): AMNH 6836B, left 
ramus fragment with ml; AMNH 6897, right 
partial ramus with c 1—p2 alveoli and p3 bro- 
ken—m2 (fig. 26F, G); AMNH 6907, left ra¬ 
mus fragment with p4—ml; JODA 351, skull 
and mandible fragments with left Cl, P3— 
M2, left cl—pi, and right cl and p2-p4, unit 
F; JODA 363, right ramus fragment with p4— 
ml, unit E; JODA 711, right maxillary frag¬ 
ment with M1-M2; JODA 1251, broken left 
Ml, unit E3; JODA 2753, left P4-M2, right 
p3-p4, unit E2; JODA 2809, left ramus frag¬ 
ment with ml-m2; JODA 2975 (AMNH cast 
129657), right maxillary fragment with P4— 
Ml, unit E2; JODA 3266, left ramus frag¬ 
ment with ml, unit El; JODA 3384, left ra¬ 
mus fragment with p4— m2, unit E; JODA 
3522, left Ml, unit El; JODA TF10921, 
right P4, unit A; JODA TF4924, right ramus 
fragment with ml, unit B; JODA TF4931, 
left ramus fragment with ml, unit D; UCMP 


4094, right ramal fragment with p4—ml, 
UCMP loc. V76102; UCMP 760, right max¬ 
illary with P4—M2, and left and right rami 
with pl-m3 (p4 missing), UCMP loc. 
V76102; UCMP 10256, partial left ramus 
with p4—ml, Logan Butte loc. 898, Crook 
County; UCMP 76296, left ramus fragment 
with ml-m2, V-4849, Sheep Rock loc. 2; 
YPM 12699, skull fragment with P3 root and 
P4-M2; YPM 12794, right and left partial 
rami with p2, p3 broken—ml, and m2 alve¬ 
olus; YPM 12795, right partial ramus with 
p4-m2; and YPM 12797, left ramal fragment 
with p4—ml. 

Distribution: Early Arikareean of Oregon. 

Emended Diagnosis: P. latidens possesses 
derived features distinct from P. minor: pres¬ 
ence of a transverse cleft on the Ml lingual 
cingulum to delineate a conate hypocone, 
strong postprotoconal P4 lingual shelf, and 
more consistent presence of protostylid on 
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Fig. 28. Log-ratio diagram for dental measurements of five species of primitive Phlaocyon using 
Archaeocyon pavidus as a standard for comparison (straight line at zero). See text for explanations and 
appendix III for summary statistics of measurements and their definitions. 


ml. Two autapomorphic characters that fur¬ 
ther distinguish P. latidens from P. minor 
and advanced Phlaocyon are an inflated tym¬ 
panic bulla with a weak external auditory 
meatus lip and an enlarged m2. On the other 
hand, P. latidens still has a longer snout (as 
inferred from associated ramus), well-devel¬ 
oped premolar cusplets, and crestlike talonid 
cusps on ml, in contrast to the shortened 
snout, simplified premolars, and conical tal¬ 
onid cusps in P. annectens and more derived 
species of Phlaocyon. 

Description and Comparison: The crushed 
holotype skull is still the main source of in¬ 
formation about the cranial morphology of 
this species. Besides an enlarged bulla, ven- 
trally oriented paroccipital process, and sin¬ 
gle temporal crest, little else can be learned 
about the general cranial morphology of 
AMNH 6896 because of the crushing and 
loss of the snout. 

Dentally, P. latidens shows several de¬ 
rived characters of the Phlaocyon clade, al¬ 


though most of them are still somewhat weak 
at this stage of development. The lingual cin¬ 
gulum of P4 is in an early stage of widening, 
especially toward the anterior end, in most 
specimens. The outlines of the upper molars 
are rather quadrate. There is a transverse cleft 
on the lingual cingulum of most of the Mis 
that helps to define an isolated hypocone, a 
feature not present in P. minor. The lower 
premolars show tendencies toward the ro¬ 
bustness typical of the Phlaocyon clade, but 
still retain small cusplets on p2—p3. The fre¬ 
quency of occurrence of a protostylid on ml 
(10 of 12 individuals; from AMNH, UCMP, 
and YPM collections only) is higher than in 
P. minor (4 of 13), and this cusp is also more 
distinct in P. latidens. Similar to P. minor, 
P. latidens also has an elongated m2, a 
shared derived feature not seen in other spe¬ 
cies of Phlaocyon. 

Discussion: For more than a century after 
their initial description by Cope (1879b, 
1881b), Cynarctoides lemur and Phlaocyon 
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latidens have been considered as a pair of 
closely related species (mostly under the ge¬ 
nus Nothocyon), co-occurring in the Turtle 
Cove Member of the John Day Formation. 
Indeed, their similar sizes and numerous 
shared primitive characters make differenti¬ 
ation of fragmentary dental materials diffi¬ 
cult. In light of the phylogeny presented here, 
we recognize a number of derived features 
in latidens that individually may seem ho¬ 
moplastic or too weakly developed, but col¬ 
lectively point rather strongly to membership 
within the Phlaocyon clade. 

Phlaocyon annectens (Peterson, 1907) 
Figure 29 

Nothocyon ( Galecynus ) annectens Peterson, 1907: 

53, tigs. 14, 15.' Cook, 1909: 268. 

Phlaocyon willistoni Peterson, 1924: 300, fig. 1. 

Untermann and Untermann. 1954: 186. 
Bassariscops willistoni (Peterson): Peterson, 
1928: 96, fig. 6 (in part). Frailey, 1979: 134. 
Munthe, 1998: 134. 

Nothocyon annectens (Peterson): Hough, 1948: 

106. Galbreath, 1956: 375. 

INothocyon cf. N. lemur (Cope, 1879b): Stevens 
et al., 1969: 21, fig. 7A-C. 

INothocyon cf. N. annectens (Peterson): Stevens, 
1977: 30, fig. 9. 

“ Nothocyon ” annectens (Peterson): Munthe, 
1998: 134. 

Holotype: CMNH 1602 (AMNH cast 
89668), left and right partial maxillae with II 
broken—M2 and right and left partial rami 
with cl broken—m3 (fig. 29F—I) from Car¬ 
negie Quarry 3, southeast of Carnegie Hill, 
Upper Harrison beds (late Arikareean), Sioux 
County, Nebraska. 

Referred Specimens: Upper Harrison beds 
(late Arikareean), Sioux County, Nebraska: 
AMNH 81030, left partial ramus with ml, 2 
mi north of Agate Spring Quarry; and F:AM 
49006, palate with II—Ml and M2 broken 
and partial mandible with cl and pi alveo¬ 
lus—m3 (fig. 29C—E), 3 mi east and 2 mi 
south of Van Tassel. 

Browns Park Formation (?medial or late 
Arikareean; exact stratigraphic position in re¬ 
lation to the better dated local faunas in Hon¬ 
ey and Izett, 1988 is not clear), 1.5 mi south¬ 
west of Sunbeam, Moffat County, Colorado: 
CMNH 11332 (AMNH cast 89665) (holo¬ 
type of Phlaocyon willistoni Peterson, 1924: 


fig. 1), partial palate with 12—Cl broken, PI 
root, P2 broken alveolus, and P3-M2 (Ml 
broken) (fig. 29A, B); and CMNH 11333 
(AMNH cast 89667), right partial ramus with 
cl—m2 (all teeth broken or represented by al¬ 
veoli). 

Castolon Local Fauna, lower part of De- 
laho Formation (late Arikareean), Big Bend 
National Park, Brewster County, Texas: 
TMM 40635-66, right ramal fragment with 
p3 and ml (Stevens et al., 1969: fig. 7A—C); 
TMM 40693-23, ramal fragment with ml; 
TMM 40849-10, right and left partial max¬ 
illary with P3—M2 (Stevens, 1977: fig. 9); 
TMM 40879-2, ramal fragment with ml; and 
TMM 40918-35, ramal fragment with alveoli 
for premolars. 

Distribution: Late Arikareean of Nebras¬ 
ka and Texas, and medial or late Arikareean 
of Colorado. 

Emended Diagnosis: Phlaocyon annectens 
is derived with respect to P. latidens and P. 
minor in its short snout; simplified, robust 
premolars; shorter P4 with enlarged proto¬ 
cone and an incipient hypocone or wide lin¬ 
gual shelf; and more conical talonid cusps of 
ml. P. annectens is primitive relative to 
more derived species of Phlaocyon in its un¬ 
enlarged 13, incipient hypocone on P4, small¬ 
er P4 protocone, lack of a fully isolated hy¬ 
pocone on Ml lingual cingulum, lack of a 
cristid connection between entoconid and hy- 
poconid of ml, and extremely weak proto- 
sty lids on ml—m2. 

Description and Comparison: Beginning 
in P. annectens, the accessory and cingular 
cusplets on the premolars are reduced or lost 
in front or behind the main cusp, except on 
the p4; the P4 protocone is slightly enlarged; 
the P4 lingual cingulum is more widened or 
even begins to form a small hypocone as 
seen in CMNH 11332 (holotype of Phlao¬ 
cyon willistoni); and the entoconid and hy- 
poconid of ml become more conical in con¬ 
trast to the more crestlike cusps in P. latidens 
and P. minor. Other than the above derived 
characters, P. annectens remains primitive in 
all other aspects. 

Discussion: The overall size and shape of 
the holotype of P. willistoni is quite close 
to specimens of P. annectens from Nebras¬ 
ka. The Browns Park specimen, however, 
has a slightly more derived P4 with a larger. 
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right side), CMNH 11332 (holotype of Phlaocyon willistoni ), Browns Park Formation (?medial or late 
Arikareean), 1.5 mi southwest of Sunbeam. Moffat County, Colorado. C, Upper teeth, D, ramus, and 
E, lower teeth, F:AM 49006, Upper Harrison beds (late Arikareean), 3 mi east and 2 mi south of Van 
Tassel, Sioux County, Nebraska. F, Upper teeth and G, lateral view of maxillary, H, ramus, and I, lower 
teeth, P. annectens, CMNH 1602. holotype, Carnegie Quarry 3, southeast of Carnegie Hill, Upper 
Harrison beds (late Arikareean), Sioux County, Nebraska. The longer (upper) scale is for A, C, E, F, 
and I, and the shorter (lower) scale is for the rest. 


more distinct protocone, and a small hypo- 
cone. These features are within a normal 
range of species variation and represent in¬ 
termediate stages in a trend toward more ad¬ 
vanced taxa (e.g., P. leucosteus and P. mar- 
slandensis). 

We follow Peterson (1924) in referring a 
second specimen from Brown’s Park 
(CMNH 11333, an essentially edentulous ra¬ 
mus with a partial p3) to Phlaocyon willis¬ 
toni (= P. annectens), based mainly on its 
size and robustness of the p3. If such a ref¬ 
erence is correct, CMNH 11333 indicates a 
very shallow ramus in the type series. A 
third, smaller specimen, CMNH 11334 (a 


partial ramus with ml—m2), was also de¬ 
scribed by Peterson, who acknowledged that 
it “undoubtedly represents an additional spe¬ 
cies” and called it “IPhlaocyon” (Peterson, 
1924: 302—303, fig. 2). However, he was sub¬ 
sequently convinced that CMNH 11334 
should belong to P. willistoni after all (Pe¬ 
terson, 1928: 98). We share with Peterson’s 
earlier hesitation and place CMNH 11334 in 
Cynarctoides roii because of its primitive 
lower molar morphology that shows none of 
the signs of robustness characteristic of 
Phlaocyon. 

The present reference of the materials 
from Castolon Local Fauna, Texas, is based 
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on the figures and descriptions by Stevens et 
al. (1969) and Stevens (1977). Although we 
follow Stevens (1977) in tentatively placing 
the Texas specimens in P. annectens , we note 
here that the Texas materials suggest a taxon 
of somewhat smaller size. For example, the 
lower carnassial in TMM 40635-66 is 8.2 
mm long (Stevens et al., 1969: 21) as op¬ 
posed to 9.7 mm for the holotype of P. an¬ 
nectens. That Stevens and her colleagues ear¬ 
lier (Stevens et al., 1969) equated the Cas- 
tolon specimens with “ Nothocyon ” lemur is 
further evidence of the size problem. How¬ 
ever, qualitatively, the Texas specimens have 
a widened P4 lingual cingulum and simpli¬ 
fied premolars, derived characters that sug¬ 
gest the stage of development in P. annec¬ 
tens. 

Phlaocyon achoros (Frailey, 1979) 

Figure 30A-F 

Bassariscops achoros Frailey, 1979 (in part): 134, 

figs. 3A, C-E, 4A. B, D. Munthe, 1998: 134. 
Cynarctoides sp. Frailey, 1979: 140, fig. 5A. 

Holotype: UF 18389 (AMNH cast 
105035), left P4 (fig. 30A), Buda Local Fau¬ 
na (medial Arikareean), Alachua County, 
Florida (Frailey, 1979: figs. 3A, 4A, B). 

Referred Specimens: From type locality: 
UF 171365, left p4 (fig. 30D); UF 171366, 
left p4 (Frailey, 1979: fig. 3C); UF 171367, 
right p3; UF 16963, right M2 (fig. 30C); UF 
171361, right M2; UF 171362, right M2; UF 
16964, right m2; UF 16989 (AMNH cast 
105036), isolated left ml (Frailey, 1979: fig. 
3D); UF 16991, right ramus with p2-ml al¬ 
veoli, m2 (fig. 30F), and m3 alveolus (Frail¬ 
ey, 1979: figs. 3E, 4D); UF 18390, talonid 
of left ml; UF 18415 (AMNH cast 105033), 
left isolated ml (fig. 30E) (referred to Cy¬ 
narctoides sp. by Frailey, 1979: fig. 5A); UF 
18501, right maxillary fragment with Ml 
(fig. 30B); and UF 22778, right P4. 

Distribution: Medial Arikareean of Flor¬ 
ida. 

Emended Diagnosis: P. achoros is more 
derived than P. annectens in its enlarged P4 
protocone and initial development of a small 
hypocone on P4. P. achoros shares with its 
sister-species P. multicuspus several derived 
features: a distinct cingulum-like parastyle 
on P4, a well-developed paraconule and 


metaconule on Ml—M2, and a metaconule 
split into two cusps. Besides its much smaller 
size, P. achoros is distinguishable from P. 
multicuspus in its lack of a conical hypocone 
on M2. 

Description and Comparison: Although 
individual teeth in Frailey’s (1979: fig. 3) 
composite figure are within the approximate 
size ranges of each other, we identify two 
taxa in his hypodigm of Bassariscops acho¬ 
ros. One is represented by teeth with consis¬ 
tent hypocarnivorous features, such as extra 
cusps on upper molars, which we associate 
with the holotype. The other has more me- 
socarnivorous dentition, which we refer to 
Cynarctoides lemur. Under this new associ¬ 
ation, we redescribe P. achoros below. 

In dental proportions, P. achoros is not 
much different from P. annectens (fig. 28). 
As noted by Frailey (1979), the P4 in the 
holotype of P. achoros is quite similar to that 
in P. willistoni (here synonymized with P. 
annectens). P. achoros, however, has a more 
elevated parastyle, which is even more de¬ 
veloped in P. multicuspus. The Ml—M2 are 
the most distinct with their cuspidate crown 
patterns. The paraconule is enlarged to form 
a distinct cusp. The metaconule is also en¬ 
larged and split into two smaller cusps. The 
P4—M2 thus assembled (fig. 30A—C) are far 
more consistent with the morphological pat¬ 
tern in P. multicuspus. The only major dental 
difference between P. achoros and P. mul¬ 
ticuspus is the former’s lack of a distinct hy¬ 
pocone on M2. 

Allocation of the lower teeth is more dif¬ 
ficult, partly due to the lack of comparable 
materials in P. multicuspus (known from a 
single skull). The lower premolars are re¬ 
ferred to P. achoros with more confidence 
because of the ready differentiation of two 
morphotypes. Those referred to P. achoros 
have typically advanced Phlaocyon features 
of shorter, broader, and higher-crowned main 
cusps and more reduced posterior accessory 
cusps (fig. 30D), as contrasted to those re¬ 
ferred to Cynarctoides lemur. Reference of 
the lower molars, however, is less certain. We 
chose UF 18415 and UF 16991 as represen¬ 
tatives of the ml and m2, respectively. Their 
enlarged talonids relative to trigonids and 
well-developed talonid cusps (especially en- 
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Fig. 30. A—F, Phlaocvon achoros, composite illustration of upper and lower teeth; A, P4, UF 18389. 
holotype; B. Ml. UF 18501; C, M2, UF 16963; D, p4, UF 171365; E, ml, UF 18415; and F, m2, UF 
16991 (Ml, M2, and m2 reversed from right side). Buda Local Fauna (late Arikareean). Alachua County, 
Florida. G, Upper teeth, and H, lateral, I, ventral and J, dorsal views of skull, Phlaocyon multicuspus, 
FMNH UC1482, holotype, 3 mi southeast of Rawhide Buttes, ?Upper Harrison beds (late Arikareean), 
Goshen County, Wyoming. The longer (upper) scale is for A—G, and the shorter (lower) scale is for the 
rest. Illustrations for P. achoros by X. Wang. 
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toconid) and protostylids are commonly 
found in advanced Phlaocyon. 

Discussion: Reanalysis of the Buda ma¬ 
terials, some of which were not included in 
Frailey’s (1979) original descriptions, reveals 
at least three taxa among the small canids: 
Cynarctoides lemur, Phlaocyon achoros, and 
Cormocyon cf. C. copei (represented by a 
single M2). If our new hypodigm of P. acho¬ 
ros is correctly assembled, it becomes rather 
apparent that this Florida species, although 
still poorly known, is closely related to an¬ 
other rare taxon, Aletocyon multicuspus 
Romer and Sutton, 1927. 

Small borophagines from the Buda Local 
Fauna seem to rather closely resemble those 
from the John Day Formation of Oregon, al¬ 
though it should be cautioned that the refer¬ 
ences to Cynarctoides and Cormocyon are 
based on very incomplete materials. This 
connection to the northwest is further sug¬ 
gested by a specimen from the Turtle Cove 
Member of John Day Formation, JODA 
3051, a left maxillary fragment with P4-M2 
(presently referred to Cynarctoides lemur). 
Incipient developments of features on JODA 
3051 seem to suggest possible relationship to 
P. achoros : a raised P4 parastyle and incip¬ 
ient development of an extra cusp between 
metaconule and metacone on Ml. While it 
may be tempting to trace the origin of the 
achoros—multicuspus clade to Oregon, we 
treat this specimen as a variation of C. lemur 
until additional material becomes available. 

Phlaocyon multicuspus (Romer and Sutton, 
1927) 

Figure 30G-J 

Aletocyon multicuspus Romer and Sutton, 1927: 

460,' figs. 1, 2. McGrew, 1938a: 331, fig. 91; 

1941: 33. Hough, 1948: 104, fig. 11. 

Aletocyon multicuspidens (Romer and Sutton): 

Dahr, 1949: 2. 

Aletocyon multicuspis (Romer and Sutton): Mun- 

the, 1998: 134. 

Holotype: FMNH UC1482 (AMNH cast 
108069), partial skull with incisor alveoli. 
Cl, P1-P3 alveoli, and P4-M2 (fig. 30G-J) 
from 3 mi southeast of Rawhide Buttes, 
“Lower Harrison,” but more likely Upper 
Harrison beds (late Arikareean), Goshen 
County, Wyoming. 


Distribution: Late Arikareean of Wyo¬ 
ming. 

Emended Diagnosis: In addition to its 
much larger size, derived characters that dis¬ 
tinguish Phlaocyon multicuspus from P. an- 
nectens and more primitive species include a 
further enlarged protocone and hypocone of 
P4. P. multicuspus shares with its sister-spe¬ 
cies P. achoros several derived characters: 
presence of a parastyle on P4, a paraconule 
on Ml, a more distinct Ml metaconule, and 
a extra cusp between the metaconule and 
metacone of Ml. P. multicuspus is unique 
among all species of Phlaocyon in its longer 
skull (a reversal) and a conate hypocone on 
M2. In addition, P. multicuspus lacks derived 
characters that are present in P. leucosteus 
and P. marslandensis : narrowed masseteric 
scar and enlarged 13. On the other hand, P. 
multicuspus is easily distinguished from P. 
yatkolai and P. mariae in its much smaller 
size and less massive premolars. 

Description and Comparison: Phlaocyon 
multicuspus is unique within the Phlaocyon 
clade in its mixture of a primitive-looking 
skull and a highly derived dentition. The pro¬ 
portional relationships of the skull of P. mul¬ 
ticuspus are quite Phlaocyon- like, with a 
deep zygomatic arch of jugal, broad anterior 
palate, and narrow braincase (fig. 27). The 
posterior premaxillary process is widely sep¬ 
arated from the frontal, as opposed to the 
near meeting of these two bones in P. leu¬ 
costeus. Other primitive features include a 
wide masseteric scar on the lateral face of 
the zygomatic arch and a rodlike paroccipital 
process, in contrast to a much narrowed and 
ventrally facing masseteric scar and a plate¬ 
like paroccipital process in P. leucosteus. 
Also notable is a slightly domed forehead in 
P. multicuspus, indicating a small frontal si¬ 
nus beneath the frontal bone. 

Dental morphology of P. multicuspus, on 
the other hand, is very hypocarnivorous. In 
some ways, its teeth are the most advanced 
among species of the genus. This is mostly 
related to the cuspidate nature of its cheek¬ 
teeth. There are extra cusps that are not nor¬ 
mally seen in other species of Phlaocyon : a 
small, but distinct parastyle on P4, a para¬ 
conule on Ml—M2, a more distinct metaco¬ 
nule on Ml—M2, an additional cusp between 
metaconule and metacone of Ml—M2, and a 
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conical hypocone on M2. These derived fea¬ 
tures are also shared by P. achoros, indicat¬ 
ing a sister-group relationship. Additionally, 
the M2 in P. multicuspus is enlarged to near¬ 
ly the same size as the Ml, in contrast to 
smaller M2s in other species of Phlaocyon. 

Discussion: McGrew (1941: 35) noted 
that “The similarity in general skull structure 
and basic tooth pattern between Phlaocyon 
and Aletocyon leaves no doubt that the two 
are closely related,” a conclusion also 
reached by Dahr (1949). Nonetheless, 
McGrew agreed with Romer and Sutton 
(1927) that Aletocyon should be a distinct ge¬ 
nus from Phlaocyon, apparently based on the 
perceived morphological distances. Although 
we do not recognize such distances as a cri¬ 
terion for taxonomy, the genus Aletocyon 
could be used to represent a small clade of 
its own consisting of achoros and multicus¬ 
pus. Such a practice, however, would require 
the creation of additional generic names for 
pectinated species near the base of Phlao¬ 
cyon, an option we chose not to use. 

Phlaocyon marslandensis McGrew, 1941 
Figure 31C-I 

Phlaocyon marslandensis McGrew, 1941: 33, 

figs. 12, 13. Dahr, 1949: 4. Frailey, 1978: 9. 

Holotype: FMNH P26314 (AMNH cast 
95585), left partial maxillary and premaxil¬ 
lary with I3-C1, P1-P3 alveoli, and P4-M1 
(fig. 31G—I) from near Dunlap, Runningwa- 
ter Formation (“Upper Marsland beds” of 
McGrew, 1941) (early Hemingfordian), 
Dawes County, Nebraska. 

Referred Specimens: Runningwater For¬ 
mation (early Hemingfordian), Box Butte 
County, Nebraska: F:AM 99370 (fig. 31C- 
F), right fragment of skull with PI—M2, right 
partial ramus with il broken—m3 (pi alveo¬ 
lus), right distal part of humerus, first pha¬ 
lanx, and fragments, below Dry Creek Pros¬ 
pect B; UNSM 25607, right partial maxillary 
with P4—Ml, UNSM loc. Bx-7; UNSM 
25641, right ramus with cl broken, pi al¬ 
veolus, p2, p3—ml alveoli, m2, and m3 al¬ 
veolus, UNSM loc. Bx-27; UNSM 25659, 
left partial maxillary with P4-M1, M2 al¬ 
veolus, UNSM loc. Bx-28; UNSM 26153 
(AMNH cast 95577), partial palate with II- 


13 alveoli. Cl, PI alveolus, P2-M1, and M2 
alveolus, UNSM loc. Bx-7. 

Runningwater Formation (early Heming¬ 
fordian), Sheridan County, Nebraska: Clin¬ 
ton Highway Locality, UNSM loc. Sh-IOIB: 
UNSM 5010-70, left ramus with cl broken, 
pi—p2 alveoli, and p3—m3. 

Distribution: Early Hemingfordian of Ne¬ 
braska. 

Emended Diagnosis: Phlaocyon marslan¬ 
densis shares several derived characters with 
its sister-species P. leucosteus but differs 
from P. multicuspus, P. annectens, and more 
primitive species of the genus in having a 
relatively shorter rostrum such that the pre¬ 
molars are imbricated, a large 13, a lateral 
groove on the lower canine, tall crowned pre¬ 
molars, narrow and mostly ventrally oriented 
masseteric scar on the jugal, a cristid be¬ 
tween the entoconid and hypoconid of ml, 
and a protostylid on m2. The premolar char¬ 
acteristics and the m2 protostylid can also be 
used to distinguish P. ?narslandensis from 
the yatkolai—marine group. In addition to its 
larger size, P. marslandensis is distinguished 
from its sister-species P. leucosteus in its 
larger P4 protocone and less prominent pro- 
tostylids on ml—m2. 

Description and Comparison: The partial 
skull of UNSM 26153 has much of the skull 
roof preserved, supplying cranial morpholo¬ 
gies unknown in the holotype. In general, it 
has a heavier construction with deeper jugal, 
broader palate, broader snout, and stronger 
sagittal crest than that in P. leucosteus (fig. 
27). The posterior premaxillary process does 
not meet the frontal. There is a modest infla¬ 
tion of the frontal area, indicating the pres¬ 
ence of a frontal sinus beneath the frontal 
bone. The masseteric scar on the zygomatic 
arch is less than one-fourth of the total depth, 
being much more reduced than in P. multi¬ 
cuspus. Although the I3s in UNSM 26153 
are missing, their alveoli clearly suggest an 
enlarged incisor. In F:AM 99370, a distal 
part of a humerus shows the presence of a 
small entepicondylar foramen. 

Discussion: McGrew (1941) suggested a 
close relationship between Phlaocyon leu¬ 
costeus and his newly erected P. marslan¬ 
densis, a conclusion consistent with the pre¬ 
sent phylogeny, even though characters in 
support of his conclusion (lack of a P4 par- 
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Fig. 31. A, Lower teeth and B, ramus (reversed from right side), Phlaocyon leucosteus, YPM 12801 
(holotype of Nothocyon latidens multicuspis). C, Upper teeth. D, lateral view of maxillary, E, lower 
teeth, and F, ramus (all reversed from right side), P. marslandensis, F:AM 93370, Runningwater For¬ 
mation (early Hemingfordian), Box Butte County, Nebraska. G, P4- -M I. and H, lateral and I, ventral 
views of partial skull, P. marslandensis , FMNH P26314, holotype, from Dunlap. Runningwater For¬ 
mation (early Hemingfordian). Dawes County, Nebraska. J, Lower teeth and K. ramus (reversed from 
right side), P. yatkolai, UNSM 62546, holotype, Runningwater Quarry, Runningwater Formation (early 
Hemingfordian), Box Butte County, Nebraska. L, Lower teeth and M, upper teeth. P. mariae, F:AM 
25466, holotype, Aletomeiyx Quarry, Runningwater Formation (early Hemingfordian), Cherry County, 
Nebraska. The longer (upper) scale is for A and G, and the shorter (lower) scale is for the rest. 
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- Archaeocyon pavidus Phlaocyon multicuspus Phlaocyon marslandensis 

& Phlaocyon leucosteus a - Phlaocyon yatkolai . phlaocyon mariae 


Fig. 32. Log-ratio diagram for dental measurements of five species of advanced Phlaocyon using 
A. pavidus as a standard for comparison (straight line at zero for y-axis). See text for explanations and 
appendix III for summary statistics of measurements and their definitions. 


astyle and reduced anterolingual cingulum) 
turn out to be primitive in our analysis (see 
Phylogenetic Analysis below). McGrew fur¬ 
ther speculated that P. marslandensis was di¬ 
rectly descendant from P. leucosteus partly 
because of a perceived age difference be¬ 
tween the two species. Such a relationship, 
however, is presently contradicted by auta- 
pomorphies in P. leucosteus ; that is, broad¬ 
ened p4 and better developed m2 protostylid. 

Phlaocyon leucosteus Matthew, 1899 
Figures 31 A, B, 33—35 

Phlaocyon leucosteus Matthew, 1899: 54. Wort- 
man and Matthew, 1899: 131, pi. 6, fig. 10. 
McGrew. 1938a: 331; 1941: 33. Hough, 1948: 
97. Dahr, 1949: 1. Frailey, 1978: 9. Munthe, 
1998: 135. 

Nothocyon latidens multicuspis Thorpe, 1922b: 
430, fig. 3. 

Phlaocyon sp.: Frailey, 1978: 8. 

Holotype: AMNH 8768, skull with II- 


M2, mandible with il—m3, and partial skel¬ 
eton including scapula, right humerus, both 
radii, left ulna, right partial ulna, both front 
feet including carpals, metacarpals 1—V and 
phalanges, both femora, both tibiae, both fib¬ 
ula, both rear feet including tarsals, metatar¬ 
sals 1—V with some phalanges, vertebrae, 
ribs, etc. (figs. 33, 35) from Martin Canyon, 
head of Dorby Creek, Martin Canyon beds 
(sensu Matthew, 1901; late Arikareean), Lo¬ 
gan County, Colorado. Found with five par¬ 
tial skeletons of Merycochoerus proprius 
magnus thought to be part of “White River 
formation” and disconformably overlain by 
the Pawnee Creek beds of the Loup Fork 
Formation (Matthew, 1901: 401). 

Referred Specimens: South side of Dry 
Creek, Upper Harrison beds (late Arika¬ 
reean), Box Butte County, Nebraska: F:AM 
99349, anterior part of skull with C1-P3 al¬ 
veoli and P4-M2. 

Runningwater Formation (early Heming- 
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Fig. 34. Phlaocyon leucosteus, UNSM 26524, Runningwater Formation (early Hemingfordian), 
Cherry County, Nebraska. Illustration by X. Wang. 


fordian). Cherry and Dawes counties, Ne¬ 
braska: Antelope Creek: YPM 12801 
(AMNH cast 88395), right partial ramus with 
p4 alveolus—m2 and m3 alveolus (fig. 31 A, 
B) (holotype of Nothocyon latidens multi - 
cuspis Thorpe, 1922b. Aletomeryx Quarry: F: 
AM 49184, left ramus with il—i3 alveoli, cl 
broken, pi alveolus, p2 broken—ml, and m2— 
m3 alveoli. Cottonwood Creek: F:AM 
54467, right partial ramus with p4— ml and 
m2 alveolus. Cottonwood Creek Quarry: F: 
AM 99348, right maxillary with P1-M2. 
UNSM loc. Cr-128: UNSM 26524, crushed 
skull with 11—M2, left and right rami with 
il—m3 (fig. 34), five cervicals, partial left hu¬ 
merus, and other skeletal fragments. 

Sand Canyon Region, Runningwater For¬ 
mation (early Hemingfordian), Dawes Coun¬ 
ty, Nebraska: F:AM 49118, right partial max¬ 
illary with P4-M1. 

Sand Canyon Quarry, Red Valley Member, 
Box Butte Formation (late Hemingfordian), 
Dawes County, Nebraska: F:AM 99347, left 
ramus with cl—ml alveoli, m2, and m3 al¬ 
veolus (possibly reworked from the Run¬ 
ningwater Formation). 

SB-1A Local Fauna (?late Arikareean), 1 
mi north of Live Oak, Suwannee County, 
Florida: TRO 392, isolated right P4 ( Phlao¬ 
cyon sp. in Frailey, 1978: 8—9, fig. 2A, B). 

Distribution: Late Arikareean of Nebras¬ 
ka, ?late Arikareean of Florida, early Hem¬ 


ingfordian of Colorado and Nebraska, and 
late Hemingfordian of Nebraska. 

Emended Diagnosis: Like its sister-species 
Phlaocyon marslandensis, P. leucosteus is 
derived with respect to P. multicuspus and 
other more primitive species of Phlaocyon in 
a relatively shorter rostrum with imbricated 
premolars, narrow masseteric scar, a large 13, 
a lateral groove on cl, tall premolars, and a 
cristid between entoconid and hypoconid of 
ml. Some of these characters can also be 
used to distinguish it from the yatkolai-mar- 
iae species group: relatively large 13, a lateral 
groove on cl, narrowed masseteric scar on 
the zygomatic arch, tall crowned premolars 
that are imbricated, and presence of a pro- 
tostylid on m2. Within the leucosteus—mars¬ 
landensis species group, P. leucosteus is dis¬ 
tinguishable from P. marslandensis in its 
smaller size and slightly better developed m2 
protostylid. 

Description and Comparison: After near¬ 
ly 100 years since its initial description, the 
remarkable holotype of Phlaocyon leucos¬ 
teus is still the best preserved and most com¬ 
plete specimen of all known species of the 
genus, and is also the only specimen of this 
species from the type locality. However, the 
holotype suffers from heavy wear on its 
teeth, obscuring much of the crown pattern 
on the molars. We are thus fortunate to have 
available a nearly complete skull and man- 
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Fig. 35. Phlaocyon leucosteus. A, Humerus (reversed from right side), B, ulna (reversed from right 
side), C, radius, D, femur, E, tibia, F, fibula, G, calcaneum, H, astragalus, I, hand, and J, foot, AMNH 
8768, holotype, Martin Canyon beds (early Hemingfordian), Logan County, Colorado. 
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dible of a younger individual from Nebraska 
with little wear on the teeth (UNSM 26524). 
With this additional specimen, plus other 
fragmentary materials, P. leucosteus is un¬ 
questionably the best known species of 
Phlaocyon. 

Cranial morphologies peculiar to P. leu¬ 
costeus (as compared to closely related spe¬ 
cies such as P. multicuspus and P. marslan- 
densis ) include a strong posterior process of 
premaxillary that nearly touches the frontal, 
large postorbital process of frontal, a laterally 
expanded paroccipital process to form a flat 
plate around the bulla, and slightly inflated 
mastoid process. Many of these features are 
probably related to the brachycephalic de¬ 
velopment of the skull. On the younger in¬ 
dividual (UNSM 26524), however, these fea¬ 
tures are either less well-developed (premax¬ 
illary process and postorbital process) or not 
preserved (paroccipital process and mastoid 
process). Another cranial feature of P. leu¬ 
costeus indicating its advanced status (shared 
with P. marslandensis) is a narrowed mas¬ 
seteric scar on the anterior portion of the zy¬ 
gomatic arch. 

The angular process of the mandible is 
highly variable through age. Thus, the young 
individual (USNM 26524) has a slender pro¬ 
cess similar to the condition of most primi¬ 
tive borophagines, whereas that in the much 
older AMNH 8768 consists of an extremely 
broadened internal ridge forming a large fos¬ 
sa on its dorsal face for the insertion of the 
medial pterygoid muscle. This latter condi¬ 
tion is also in sharp contrast to that of an¬ 
other old individual, F:AM 49184, which has 
a posteriorly elongated angular process in¬ 
stead of the broadened one in AMNH 8768. 
In absence of other related cranial or dental 
differences, such differences in angular pro¬ 
cess construction are here regarded as vari¬ 
ations within the species. 

Dentally, P. leucosteus has the most hy- 
pocarnivorous teeth in the Phlaocyon clade. 
P. leucosteus shares with P. marslandensis 
such derived features as an enlarged 13, cl 
with a lateral groove, high-crowned premo¬ 
lars, and a protostylid on m2. In contrast to 
P. marslandensis , the hypocone on Ml of P. 
leucosteus is partially connected to the meta- 
conule but is more isolated from the lingual 
cingulum, due to a distinct cleft on the cin¬ 


gulum. There is, however, no conate hypo- 
cone on the M2. A well-developed proto- 
stylid is present in ml—m2. 

In P. leucosteus, the maximum length of 
the tibia is shorter than that of the femur. 
This shortened distal segment of the hind- 
limb is a derived condition relative to that in 
Hesperocyon, Cormocyon copei, Archaeo- 
cyon leptodus, and others. However, we do 
not know when this happened within the 
Phlaocyonini clade because of our lack of 
knowledge of the postcrania of other inter¬ 
mediate species. 

Discussion: See discussion under the ge¬ 
nus Phlaocyon for a brief summary of past 
controversies on this species and the histor¬ 
ical role it played in the debate of the origin 
of procyonids. 

Frailey (1978: 9) commented that a single 
P4 from the SB-1A Fauna in Florida “could 
be within the limits of variation for P. leu¬ 
costeus ,” but refrained from referring the 
specimen as such because of its somewhat 
smaller size. In view of the present expanded 
hypodigm of P. leucosteus from the Hem- 
ingfordian of western Nebraska, the Florida 
specimen does fall within its size range and 
thus is tentatively referred to this species. 

Phlaocyon yatkolai, new species 
Figure 31J, K 

Holotype: UNSM 62546, right ramus 
with i 1—i2 alveoli, i3—cl, p2—m2, and m3 al¬ 
veolus (fig. 31J, K) from Runningwater 
Quarry (UNSM loc. Bx-58), 19 mi east of 
Agate, base of the Runningwater Formation 
(early Hemingfordian), Box Butte County, 
Nebraska. 

Etymology: Named in honor of the late 
Daniel Yatkola who collected the type and 
made a landmark study of the stratigraphy of 
this area. 

Distribution: Early Hemingfordian of Ne¬ 
braska. 

Diagnosis: In addition to its larger size, 
derived characters of this new species rela¬ 
tive to the leucosteus—marslandensis species 
pair and other species of Phlaocyon are loss 
of pi, massive premolars, compression of ml 
entoconid and hypoconid, and reduction of 
ml metaconid. An unreduced m2 (relative to 
ml), presence of an m3, and lower and less 
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erect ascending ramus in P. yatkolai are the 
only observable differences (all primitive for 
P. yatkolai) between it and P. mariae. 

Description and Comparison: Lack of up¬ 
per teeth in Phlaocyon yatkolai severely lim¬ 
its the scope of comparison. Membership of 
yatkolai within the Phlaocyon clade is indi¬ 
cated by only two observable characters: 
simplified and robust premolars and cristid 
connections between the entoconid and hy- 
poconid of ml. The massiveness of its pre¬ 
molars seems not merely a proportional en¬ 
largement relative to its size, and, as shown 
in fig. 32, the premolars are larger relative to 
ml. P. yatkolai is also distinct from all other 
species of Phlaocyon in its reduced ml meta- 
conid and loss of pi, features commonly as¬ 
sociated with hypercarnivory. The entoconid 
and hypoconid of ml are closely compressed 
together instead of being separated by a deep 
valley as in all other species of Phlaocyon. 

Discussion: Despite the lack of compara¬ 
ble parts between the holotypes of P. yat¬ 
kolai and P. mariae (mostly upper teeth), the 
basis of a sister relationship for these two 
species, as proposed in our phylogeny, is not 
limited to their massive premolars, which is 
the only codable character shown in the phy¬ 
logeny, but also includes their common ten¬ 
dency toward hypercarnivorous dentition. 
Each, however, expresses this tendency by 
different parts (upper or lower) of the teeth 
that do not lend themselves to direct com¬ 
parison. Our phylogeny predicts more dental 
synapomorphies when the question marks in 
the data matrix (table 2) left by the missing 
teeth are filled. Of the few common teeth that 
can be compared, those in P. yatkolai are 
more primitive, as indicated by its unreduced 
m2 and presence of m3. 

Phlaocyon mariae , new species 
Figure 31L, M 

Holotype: F:AM 25466, upper and lower 
worn teeth and skull fragments including Cl 
broken, maxillary fragment with P2 broken— 
P3, detached broken P4s, maxillary fragment 
with Ml broken—M2, and left ramus frag¬ 
ment with ml broken—m2 (fig. 31L, M) from 
Aletomeryx Quarry, near mouth of Antelope 
Creek, Runningwater Formation (early Hem- 
ingfordian), Cherry County, Nebraska. 


Etymology: Named in honor of S. Marie 
Skinner in recognition of her long career in 
assembling and documenting the collections 
from Nebraska. 

Distribution: Early Hemingfordian of Ne¬ 
braska. 

Diagnosis: Phlaocyon mariae is the most 
apomorphic taxon with highly derived char¬ 
acters not seen in any other species of Phlao¬ 
cyon'. large size, high and erect ascending ra¬ 
mus, P4 elongate relative to length of molars 
with protocone relatively small, P4 hypocone 
larger than protocone, Ml transversely elon¬ 
gated, Ml parastyle enlarged. Ml hypocone 
reduced, M2 and m2 reduced relative to Ml 
and ml, and loss of m3. In addition, P. mar¬ 
iae shares with P. yatkolai the development 
of massive premolars. 

Description and Comparison: Besides be¬ 
ing the largest Phlaocyon species, P. mariae 
is rather unusual in its curious mixture of 
hypo- and hypercarnivorous characters. On 
the one hand, it retains several hypocarni- 
vorous characters acquired in more primitive 
species of Phlaocyon such as robust premo¬ 
lars and a P4 hypocone. On the other hand, 
it has a somewhat hypercarnivorous Ml. 
Thus, the outline of the Ml is more trans¬ 
versely elongated than is usually the case in 
all species of Phlaocyon owing to an enlarge¬ 
ment of its parastyle, a narrowing of the an¬ 
gle between labial and anterior borders of 
Ml, and a shortening of its lingual cingulum, 
which nearly lost its anterior segment. Also, 
the conical hypocone on Ml, a constant in 
all Phlaocyon except in P. minor, is almost 
lost—only a minor swelling is left on the lin¬ 
gual cingulum. Correlated with this hyper¬ 
carnivorous trend is the reduction of the pos¬ 
terior molars: the upper and lower second 
molars are extremely small, compared to the 
larger M2s and m2s in most Phlaocyon, and 
the m3 is lost. In contrast to its anteropos- 
teriorly shortened molars, the P4 is relatively 
elongated (fig. 32), and its protocone is re¬ 
duced. 

Discussion: Breakage, wear, and poor 
preservation on the type and only specimen 
of this species hinder more complete assess¬ 
ment of its phylogenetic relationships. How¬ 
ever, it is clear that this is an unusual taxon 
with a mixture of features as described 
above. The presence of hypercarnivorous 
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characters within a predominantly hypocar- 
nivorous clade is puzzling and raises ques¬ 
tions about its phylogenetic position. How¬ 
ever, based on the limited codable characters, 
our cladistic analysis consistently places P. 
mariae in the terminal part of the Phlaocyon 
clade, and singles out the presence of mas¬ 
sive premolars (more so than the already ro¬ 
bust premolars in most Phlaocyon) as a de¬ 
rived feature to support a P. yatkolai—P. mar¬ 
iae sister relationship. 

If our phylogeny is correct, P. mariae pro¬ 
vides an example of a hypocarnivorous clade 
evolving to large body size and then revers¬ 
ing toward a more hypercarnivorous diet. P. 
mariae and P. yatkolai appear to be the first 
and earliest borophagine to attempt hyper- 
carnivory. 

Borophagini, new tribe 

Type Genus: Borophagus Cope, 1892. 

Included Genera: Cormocyon Wang and 
Tedford, 1992; Desmocyon, new genus; Par- 
acynarctus, new genus; Cynarctus Matthew, 
1902; Metatomarctus, new genus; Euoplo- 
cyon Matthew, 1924; Psalidocyon, new ge¬ 
nus; Microtomarctus, new genus; Proto- 
marctus, new genus; Tephrocyon Merriam, 
1906; Tomarctus Cope, 1873; Aelurodon 
Leidy, 1858; Paratomarctus, new genus; 
Carpocyon Webb, 1969b; Protepicyon, new 
genus; Epicyon Leidy, 1858; and Boropha¬ 
gus Cope, 1892. 

Distribution: Arikareean through Blancan 
of North America. 

Diagnosis: In contrast to Phlaocyonini and 
other basal Borophaginae, Borophagini has a 
derived character of an elongated ml trigo- 
nid. Most members of Borophagini also ac¬ 
quired synapomorphies, such as premaxillary 
contact with frontal, lack of laterally flared 
orbital rim of zygomatic arch, elaborate lat¬ 
eral accessory cusps on 13, and a cristid be¬ 
tween the hypoconid and entoconid of ml. 

Discussion: Members of this clade embody 
the traditional sense of the subfamily Boro¬ 
phaginae. In contrast to its sister-clade Phlao¬ 
cyonini, which primarily exploits the hypo- 
carnivorous niches, the Borophagini clade is 
consisted of mostly meso- to hypercarnivo¬ 
rous taxa that often became progressively 
larger and terminated in durophagous taxa. 


Cormocyon Wang and Tedford, 1992 

Type Species: Cormocyon copei Wang and 
Tedford, 1992. 

Included Species: Cormocyon hay deni, 
new species; and Cormocyon copei Wang 
and Tedford, 1992. 

Distribution: Early Arikareean of 
Oregon, early to late Arikareean of South 
Dakota, medial to late Arikareean of Wyo¬ 
ming, late Arikareean of Florida, and ?late 
Arikareean of Colorado. 

Emended Diagnosis: The paraphyletic 
Cormocyon differs from Archaeocyon and 
Rhizocyon in its derived characters, such as 
ventrally directed paroccipital process, en¬ 
larged Ml metaconule, and elongated ml tri- 
gonid. Compared to the phlaocyonines, Cor¬ 
mocyon lacks the following hypocarnivorous 
characters of that clade: ml protostylid and 
slender horizontal ramus for Cynarctoides, 
and shortened premolars, short upper carnas- 
sial, and widened ml talonid for Phlaocyon. 
Primitive characters that distinguish Cormo¬ 
cyon from Desmocyon and more derived taxa 
are absence of a frontal sinus, lack of an en¬ 
circling ectotympanic for the auditory mea¬ 
tus, and crestlike talonid cusps on ml. 

Discussion: In a short paper, Wang and 
Tedford (1992) attempted to clarify the con¬ 
cept of Nothocyon, which has become a tax¬ 
onomic wastebasket for many small fossil 
canids ever since Matthew (1899) informally 
erected the genus [type species N. geismari- 
anus (Cope, 1881b) by subsequent designa¬ 
tion]. Much of the past confusion surround¬ 
ing Nothocyon stems from the poorly pre¬ 
served genoholotype (AMNH 6884, a single 
ml). A much better preserved specimen 
(AMNH 6885) was later referred to geis- 
marianus by Cope (1883, 1884). Through 
the reference of YPM 12733 to N. geismar- 
ianus, we demonstrated that these two 
AMNH specimens represented quite differ¬ 
ent caniforms. N. geismarianus is a highly 
derived subparictine ursoid (Baskin and Ted¬ 
ford, 1996), whereas Cormocyon copei is a 
borophagine canid based on AMNH 6885. 
Wang and Tedford (1992), however, did not 
attempt to define the precise content of Cor¬ 
mocyon, pending results of this study, and it 
has served in similarly vague capacity as had 
Nothocyon (Wang, 1994; Wang and Tedford, 



86 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


NO. 243 


1996) as a basal borophagine. In the present 
study, Cormocyon is a paraphyletic genus at 
the base of the tribe Borophagini. 

Cormocyon haydeni, new species 

Figures 36-38 

Nothocyon geismarianus (Cope, 1878): Macdon¬ 
ald, 1963: 209. 

Holotype: F:AM 49448, skull with I1-M2 
(fig. 36A—D), both rami with 11—12 alveoli 
and i3—m3 (fig. 36E, F), right humerus (fig. 
37C) and partial left humerus, radius and 
ulna (fig. 37A, B), articulated lumbar, sacrum 
and pelvis, both femora (fig. 37E), left tibia 
(fig. 37G) and right partial tibia with articu¬ 
lated distal remnant of fibula and astragalus, 
left astragalus (fig. 37F), left partial pes in¬ 
cluding tarsals, metatarsals I—IV, and 4 first, 
3 second, and 1 third phalanges (fig. 37D), 
Eagle Nest Butte, 260 ft above the base of 
the exposed section in rocks equivalent to the 
Harrison Formation (late Arikareean), Wash- 
abaugh County, South Dakota. 

Etymology: Named for Ferdinand Van- 
derveer Hayden, pioneer geologist of the 
Great Plains. 

Referred Specimens: Wounded Knee area, 
upper part of Sharps Formation (early Ari¬ 
kareean), 8 mi south of Porcupine, Shannon 
County, South Dakota: F:AM 49436, left 
maxillary with P3-M2. 

Wounded Knee area, lower part of Rose¬ 
bud Formation equivalent to the Monroe 
Creek Formation by Macdonald (1963) (me¬ 
dial Arikareean), Shannon County, South 
Dakota: AMNH 12872, right ramus with cl, 
pi—p2 alveoli, and p3—m2 (referred to Noth¬ 
ocyon geismarianus by Macdonald, 1963: 
209), Porcupine Creek, “Rosebud 8” of 
Macdonald (1963: 154). 

West of Spanish Diggings, upper part of 
the lower Arikaree Group (medial Arika¬ 
reean), Niobrara County, Wyoming: F:AM 
50228, left partial ramus with ml broken— 
m2, and m3 alveolus. 

Northwest and northeast of Lusk, in rocks 
referred to the Harrison Formation (late Ari¬ 
kareean), Niobrara County, Wyoming: F:AM 
27575, left ramal fragment with ml—m2, 
north of Keeline; F:AM 49058 (in AMNH 
permanent exhibition), skull with II—13 al¬ 
veoli and C1-M2 (fig. 38A-C) and right and 


left partial rami with isolated cl, pi alveo¬ 
lus—m2, and m3 alveolus (fig. 38D, E), north 
of Keeline; F:AM 49064, partial skull with 
I1-M2 (PI root) (fig. 38F) and partial man¬ 
dible with i3-m3 (cl broken) (fig. 38G, H), 
from North Ridge; F:AM 54138, right partial 
ramus with pi—p3 alveolus, p4 broken—ml, 
and m2 alveolus, north of Keeline; and F: 
AM 105247, partial mandible with cl bro¬ 
ken—p2 and p3—p4 both broken. Ellicott 
Ranch, Steer Pasture: KUVP 32380, nearly 
complete skull with II—P3 all broken and 
P4-M2. 

Distribution: Early to late Arikareean of 
South Dakota, and medial to late Arikareean 
of Wyoming. 

Diagnosis: Cormocyon haydeni is distin¬ 
guished from the Phlaocyonini and more bas¬ 
al Borophaginae in its possession of an elon¬ 
gated ml. In contrast to C. copei and more 
derived forms, on the other hand, C. haydeni 
has a primitively flared dorsal rim of the an¬ 
terior zygomatic arch. C. haydeni also has a 
relatively short temporal fossa as compared 
to C. copei. 

Description and Comparison: Cormo¬ 
cyon haydeni is larger than Archaeocyon 
leptodus and A. falkenbachi. Other than this 
size difference, the cranial proportions of C. 
haydeni are very similar to those of A. lep¬ 
todus. C. haydeni has a slightly downturned 
paroccipital process that does not yet fully 
fuse with the bulla. The bulla is less ante¬ 
riorly expanded as in A. leptodus. The Ml— 
M2 are more quadrate in outline with a 
more symmetrical distribution of the inter¬ 
nal cingulum. 

Compared to the John Day Cormocyon 
copei, C. haydeni is smaller and has a rela¬ 
tively short temporal fossa. A direct mea¬ 
surement of the length of this fossa is the 
distance between the posterior margin of the 
M2 and the glenoid fossa (length of M2 to 
bulla in fig. 39). In this measurement, indi¬ 
viduals of C. copei are consistent in having 
longer temporal fossae than in C. haydeni. 
As shown in the ratio diagram (fig. 40), den¬ 
tal measurements of C. haydeni are nearly 
indistinguishable from those of C. copei, ex¬ 
cept for somewhat smaller size of the lower 
cheekteeth of the former. 

Discussion: Cormocyon haydeni seems 
to be the most basal species of the Boro- 
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Fig. 36. Cormocyon haydeni. A, Upper teeth (Ml—M2 reversed from right side), B, lateral, C, 
ventral, and D, dorsal views of skull, E, lower teeth, and F, ramus (reversed from right side), F:AM 
49448, holotype. Eagle Nest Butte, in rocks equivalent to Harrison Formation (late Arikareean), Wash- 
abaugh County, South Dakota. The longer (upper) scale is for A and E, and the shorter (lower) scale 
is for the rest. 






Fig. 37. Cormocyon haydeni. A, Partial ulna, B. radius, C, humerus (reversed from right side), D, 
partial foot, E, femur (reversed from right side), F, astragalus, and G, tibia, F:AM 49448, holotype. 
Eagle Nest Butte, in rocks equivalent to Harrison Formation (late Arikareean), Washabaugh County, 
South Dakota. 


phagini clade that gave rise to most of the 
borophagines. This lineage of small, fox¬ 
like canids remains conservative through¬ 
out the Arikareean. Slight increase in size, 
downturned paroccipital process, and more 
cuspidate molars are a few characters that 
mark the difference of C. haydeni from 
such basal borophagines as Archaeocyon 
and Rhizocyon. 

Reference of materials from the lower 
Rosebud Formation of South Dakota 
(AMNH 12872 and F:AM 49436) to Cor¬ 
mocyon haydeni is problematic. If correct, 
the early Arikareean occurrence of this spe¬ 
cies may be contemporaneous with the ear¬ 
liest occurrence of C. copei, as is predicted 
in our phylogeny. These two Rosebud spec¬ 
imens, however, have some peculiarities of 
their own (e.g., elongated carnassials) and 
may prove to be a different taxon given ad¬ 
ditional materials. 


Cormocyon copei Wang and Tedford, 1992 
Figure 41 

Galecynus geismarianus Cope, 1881b: 180 (in 
part); 1883: 240, figs. 5, 6 (in part); 1884: 915, 
920. 

Cynodictis geismarianus (Cope): Cope, 1889: 
233, fig. 59 (in part). 

Nothocyon ( Galecynus ) geismarianus (Cope): 

Matthew, 1899: 62 (faunal list). 

Nothocyon geismarianus (Cope): Wortman and 
Matthew, 1899: 125 (in part). Matthew, 1909: 
106 (faunal list). Thorpe. 1922a: 164. Hough, 
1948: 100. 

Cormocyon copei Wang and Tedford, 1992: 225. 

Fremd and Wang, 1995: 76. Munthe, 1998: 135. 
Leptocyon mollis (Merriam, 1906): Fremd and 
Wang, 1995: 76 (in part). 

Holotype: AMNH 6885, complete skull 
with II—M2, mandible with i2—m3 (fig. 41), 
and articulated partial lumbar and sacral ver¬ 
tebrae and partial pelvis, from the John Day 
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Fig. 38. Cormocyon haydeni. A, Upper teeth, B, ventral and C, dorsal views of skull, D, lower 
teeth, and E, ramus, F:AM 49058, north of Keeline, in rocks referred to Harrison Formation (late 
Arikareean), Niobrara County, Wyoming. F, Upper teeth. G, lower teeth, and H, ramus, F:AM 49064, 
North Ridge, in rocks referred to Harrison Formation. The longer (upper) scale is for A. D, F, and G, 
and the shorter (lower) scale is for the rest. 
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Fig. 39. Log-ratio diagram for cranial measurements of Rhizocyon, Cormocyon, and Desmocyon 
using A. pavidus as a standard for comparison (straight line at zero for y-axis). See text for explanations 
and appendix II for measurements and their definitions. 


Basin, John Day Formation (?early Arika- 
reean), Wheeler or Grant counties, Oregon. 

Referred Specimens: From the locality of 
the type (biostratigraphic positions of some 
JODA specimens in the Turtle Cove Member 
are placed within a letter system by Fremd 
et al., 1994): AMNH 6886, greater part of an 
articulated postcranial skeleton, including in¬ 
complete vertebral column, partial scapula, 
humerus, radius, ulna, metacarpals I, II, IV, 
and V, three first phalanges, partial pelvis, 
femur, and tibia (Cope, 1884: pi. LXXa, figs. 
10-12); AMNH 6887, partial skull with P3- 
M2 all represented by roots; AMNH 6947, 
posterior half of skull; AMNH 6947A, rostral 
part of skull with alveoli for C1-P4; JODA 
771, left ramal fragment with ml and m2 
alveolus; JODA 924, left P4, unit H; JODA 
1630, right maxillary fragment with P4—M2, 
unit I; JODA 1750 (AMNH cast 129652), 
right partial ramus with pi—ml and broken 


cl and m2, unit F; JODA 1755, left ramus 
with cl-m2, unit J; JODA 1809, right max¬ 
illary fragment with P4-M1, unit G; JODA 
3004, left m2, unit K; UCMP 76608, right 
and left partial rami with pi root—m3. Picture 
Gorge Locality 7, Zone 3, UCMP loc. 
V6681; UCMP 76748, partial skull with P2 
broken—M2, right and left rami with cl bro¬ 
ken, pi—p2 alveoli, p3—m2, and m3 alveolus, 
and fragments of vertebrae, UCMP loc. 
V6505, Haystack loc. no.7; UCMP 76931, 
fragmentary palate with P3—M2 and both 
partial rami with cl—m2 (p2 broken). Picture 
Gorge loc. 22, UCMP loc. V66116; UCMP 
77161, partial skull with PI alveolus-M2, 
and right and left partial rami with p3—m3 
(ml broken), right and left distal part of hu¬ 
meri, and left distal part tibia, from UCMP 
loc. V6322, Haystack loc. no.8, level 2; 
UCMP 112181, rostral part of skull with Cl 
alveolus—M2, and right and left partial rami 
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Fig. 40. Log-ratio diagram for dental measurements of Rhizocyon , Cormocyon , and Desmocyon 
using A. pavidus as a standard for comparison (straight line at zero for y-axis). See text for explanations 
and appendix III for summary statistics of measurements and their definitions. 


with cl-m2, from UCMP loc. V6691, Hay¬ 
stack loc. no. 12; YPM 12679, partial skull 
with Cl alveolus, P1-P4 roots, and M1-M2, 
Haystack Valley area; YPM 12679-1, ante¬ 
rior part of skull with II—PI alveoli, and P2— 
M2; and YPM 12700, skull fragment with 
P4—M2 and articulated right partial ramus 
with cl—p2 all alveoli, p3 (from left side), 
p4—ml, and m2—m3 alveoli. Camp Watson. 

Buda Local Fauna (medial Arikareean), 
Alachua County, Florida: UF 16963c, left 
M2. 

Troublesome Formation (?late Arika¬ 
reean), Grand County, Colorado: UCMP 
26770 (AMNH cast 129864), right maxillary 
fragment with P3—M2, Granby Locality, 
UCMP loc. 77027; UCMP 47873 (AMNH 
cast 129865), left partial ramus with p2 al¬ 
veolus and p3— ml. Substation Locality, 
UCMP loc. 82045. 

Distribution: Early Arikareean of 
Oregon, medial Arikareean of Florida, and 
?late Arikareean of Colorado. 


Emended Diagnosis: A synapomorphy 
that distinguishes Cormocyon copei and later 
borophagines from C. haydeni and more bas¬ 
al taxa is the lack of a laterally flared orbital 
rim of the zygomatic arch. Additionally, C. 
copei has a long temporal fossa, an autapo- 
morphy that distinguishes it from C. haydeni. 

Description and Comparison: The holo- 
type of Cormocyon copei is probably a fe¬ 
male, judging from its small size and rela¬ 
tively gracile canines. It has the shortest P4 
among all referred specimens (appendix III), 
and its P4 protocone is also very small. 
These proportional differences may reflect 
sexual dimorphism, but rigorous statistical 
testing is not possible with the small sample 
size. 

Besides its larger size, Cormocyon copei 
is advanced over C. haydeni in its loss of a 
lateral flare on the orbital rim of the zygo¬ 
matic arch and its deeper jugal contribution 
to the zygomatic arch (jugal depth in fig. 39). 
In some individuals (e.g., AMNH 6885 and 
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UCMP 77161) the anterior section of the ju¬ 
gal has a rounded dorsal border (rather than 
a flat and tilted surface in primitive forms), 
a character that is fully fixed in Desmocyon 
thomsoni. Additional John Day specimens 
referred to this species allow a better appre¬ 
ciation of variation and show incipient de¬ 
velopment of characters present in more de¬ 
rived taxa. Some individuals (AMNH 6885 
and YPM 12700) display a gently domed 
forehead that suggests initial development of 
a frontal sinus shown in D. thomsoni. Al¬ 
though most individuals show a distinct 
metaconule on Ml—M2, the lower molar tal- 
onids of some individuals still retain rather 
crestlike cusps. The holotype has the most 
conate talonid cusps. 

Another consistent character that permit¬ 
ted us to distinguish the John Day Cormo- 
cyon copei from the Great Plains species C. 
haydeni is an elongated temporal fossa 
(length M2 to bulla in fig. 39). This long 
fossa and its associated long (anteroposteri- 
orly) ascending ramus of the mandible is 
even more pronounced among the referred 
specimens (e.g., UCMP 76748 and 77161, 
YPM 12679). On the other hand, these re¬ 
ferred specimens tend to have more primitive 
dental morphology in their crestlike talonid 
cusps of ml, in contrast to the conate cusps 
in the holotype. 

Discussion: Our present concept of Cor- 
mocyon copei is primarily based on speci¬ 
mens from the John Day Basin but includes 
some questionably referred specimens from 
Florida and Colorado. Two specimens from 
the Troublesome Formation of north-central 
Colorado are here referred to C. copei be¬ 
cause of their size and dental morphology. 
The maxillary fragment (UCMP 26770) is 
undoubtedly a primitive borophagine with 
copei-\\ke characteristics such as shortened 
P4, distinct metaconules of Ml—M2, and a 
connection between the M2 metaconule and 
its lingual cingulum. The ramus fragment 
(UCMP 47873), however, has an ml with a 
rather trenchant talonid that is quite hesper- 
ocyonine-like. Another peculiarity of the 
Colorado specimens is an elevated lingual 
cingulum on M2 and a transverse cleft on 
Ml that is similar to the initial development 
of a conate hypocone in Phlaocyon. On the 
other hand, its P4 completely lacks a hypo- 


cone or a widened lingual cingulum that is 
characteristic of Phlaocyon. The above com¬ 
bination of peculiarities may suggest a dis¬ 
tinct species for the Colorado materials, or 
even two species. We refrain from erecting a 
new taxon for lack of better materials and of 
larger series for evaluation of variation. As 
presently referred, the Colorado materials in¬ 
dicate the presence of a C. copei- like form 
outside the John Day Basin, but still to the 
west of the continental divide. A single M2 
from the Buda Local Fauna of Florida is ten¬ 
tatively referred to Cormocyon. 

Cormocyon copei is very close, in stage of 
evolution, to C. haydeni from the northern 
Great Plains. The copei—haydeni pair appears 
to mark an instance of sister-species on either 
side of the continental divide. As part of a 
nearly linear series of borophagines from 
Cormocyon to Tomarctus, this species pair 
occupies the starting point of a long evolu¬ 
tionary trend toward medium- to large-size 
predators. The possession of a derived con¬ 
dition on the zygomatic arch shows C. copei 
to be slightly more advanced than C. hay¬ 
deni. 

Desmocyon , new genus 

Type Species: Cynodesmus thomsoni Mat¬ 
thew, 1907. 

Etymology: Greek: desmo, bond, sug¬ 
gesting relationship; cvon, dog, an anagram 
of the genus Cynodesmus , to which the type 
species was originally referred. 

Included Species: Desmocyon thomsoni 
(Matthew, 1907), and Desmocyon matthewi, 
new species. 

Distribution: Late Arikareean of South 
Dakota, Wyoming, Nebraska, and Oregon; 
early Hemingfordian of Nebraska, New 
Mexico, and Florida. 

Diagnosis: Derived characters distinguish¬ 
ing Desmocyon and more derived taxa from 
Cormocyon are broad rostrum and palate, 
frontal sinus present but not penetrating post¬ 
orbital process, encircling ectotympanic 
forming an external auditory meatus ring, 
and deep zygoma. Compared to the Cynarc- 
tina, Desmocyon lacks the hypocarnivorous 
characters of that clade: a prominent suban- 
gular lobe, high mandibular condyle, short 
P4, ml protostylid, wide ml talonid, and 
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large m2. Desmocyon is primitive relative to 
Metatomarctus in that the 13 is not enlarged 
and lacks a well-developed lateral cusplet, 
and the P4 has only a weak anterior crest on 
the paracone. 

Desmocyon thomsoni (Matthew, 1907) 
Figures 42-44, 46E, F 

Cynodesmus thomsoni Matthew, 1907: 186, figs. 

4, 5; 1909: 112. Peterson, 1910: 267, fig. 62. 

Cook, 1912: 42. Hough, 1948: 103. 

Nothocyon sp. Cook, 1909: 266; 1912: 42. 
Tomarctus thomsoni (Matthew): White, 1941b: 

95. Cook and Macdonald, 1962: 562. Macdon¬ 
ald, 1963: 209; 1970: 57. 

Nothocyon regulus Cook and Macdonald, 1962: 

560, fig. 1. 

Tomarctus thompsoni [sic] (Matthew): Munthe, 

1989: 13; 1998: 135. 

Holotype: AMNH 12874, skull with II- 
M2 (fig. 42A—C), mandible with il— m3 (fig. 
42D, E) and associated skeletal fragments in¬ 
cluding partial tibia, partial radius and ulna, 
carpals and incomplete metacarpals II—V, and 
phalanges. Matthew reported that the type 
was from the Upper Rosebud beds. Macdon¬ 
ald (1963: 209) listed the type locality as 
AMNH “Rosebud 24” and located the type 
locality by quoting from the 1906 field notes 
as “8 m. E. of Porcupine P.O. ... N. of 
Porcfupine] Cr’k . . . upper Rosebud” (Mac¬ 
donald, 1963: 156). He concluded that 
“Rosebud 24” is “probably Rosebud For¬ 
mation” in the sense used by him (1963, 
1970), late Arikareean. 

Referred Specimens: Wounded Knee area. 
Rosebud Formation (late Arikareean), Shan¬ 
non County, South Dakota: AMNH 12874A, 
left ramal fragment with ml broken; AMNH 
“Rosebud 17”; AMNH 12885, partial palate 
with Cl, PI alveolus, P2-P3, and P4-M1 
broken, and left ramal fragment with ml; 
SDSM 5584 right isolated P4 from SDSM 
V5341; and SDSM 5585, right partial ramus 
with p3 alveolus and p4—ml from SDSM 
V554. 

Syndyoceras Hill, 0.5 mi west of Agate, 
Harrison Formation (late Arikareean), Sioux 
County, Nebraska: AMNH 81008 (HC 115, 
holotype of Nothocyon regulus Cook and 
Macdonald, 1962), right partial ramus with 
p4 alveolus, ml, and m2 alveolus. 

Lusk area. Upper Harrison beds (late Ari¬ 


kareean), Niobrara County, Wyoming: 
AMNH 13763, partial skull with P2-M2 and 
right and left partial rami with cl broken— 
m3, 9 mi south of Lusk; F:AM 27566, right 
ramal fragment with ml broken and m2; F: 
AM 27566A, partial right ramus with ml 
broken and m2—m3 alveoli, north of Lusk; F: 
AM 49078, left ramal fragment with m2. 
Royal Valley; F:AM 49085, right partial ra¬ 
mus with p4 root—ml broken, Royal Valley; 
F:AM 50207, partial mandible with cl, pi 
alveolus, p2 broken—m2, and m3 alveolus. 
Royal Valley in white line; F:AM 50209, an¬ 
terior part of skull with 13, Cl alveolus, and 
PI—M2 (P4 broken) and right ramus with cl 
broken, pi—p3 alveoli, p4—m2, and m3 al¬ 
veolus, Royal Valley; F:AM 50210, articu¬ 
lated fragment of skull with Cl and P4-M2 
and partial mandible with cl, p2—p4 all bro¬ 
ken, and ml—m2. Silver Springs; F:AM 
50211, left ramus with cl, pi alveolus, and 
p2 broken—m2. Freeman Ranch, south of 
Lusk; F:AM 50212, right partial ramus with 
cl root and pi broken—ml. Royal Valley; 
and F:AM 50213, fragmentary skull, right 
partial ramus with p3—ml, fragmentary limbs 
including an incomplete articulated pes with 
tarsals and proximal part of metatarsals II— 
IV, detached partial metatarsal V and isolated 
phalanges, and partial baculum. Silver 
Springs area. 

Lusk area. Upper Harrison beds (late Ari¬ 
kareean), Goshen County, Wyoming: F:AM 
27551, partial skull with Cl—M2 and partial 
mandible with cl—m2 and m3 root, 16—20 mi 
southeast of Lusk; F:AM 27552, partial skull 
with P3—M2 (all broken) and articulated par¬ 
tial right ramus with ml broken—m2; F:AM 
27553, right partial ramus with cl and pi 
alveolus—ml, 18 mi southeast of Lusk; F:AM 
27564, anterior part of skull with 11-12 al¬ 
veoli and 13—Ml, 2 mi west of Jay-Em; F: 
AM 27569, anterior part of skull with Il-Ml 
and M2 broken, partial mandible with il—m3, 
right partial humerus, right partial radius, 
right ulna, right incomplete manus with 
metacarpals II—V and phalanges, left meta¬ 
carpal I, right femur, right tibia, partial pel¬ 
vis, and vertebrae, 21 mi southeast of Lusk; 
F:AM 27570, left partial maxillary with Cl— 
P2, isolated Ml, both partial rami with cl 
broken—p3 and ml—m2, 12—15 mi southeast 
of Lusk; F:AM 27571, partial skull with 13- 
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Cl, P1-P2 roots, and P3-M2, 16-20 mi 
southeast of Lusk; F:AM 27572, partial pal¬ 
ate with P2 root—M2 and both partial rami 
with p2—m2 and m3 alveolus, 12—15 mi 
southeast of Lusk; F:AM 27574, left ramal 
fragment with p4— ml (broken). North Ridge 
on Highway 85; F:AM 49018; skull frag¬ 
ment, left metacarpals 1, 11, and V, incom¬ 
plete left metacarpal 111, left metatarsals 111, 
IV, and V, and left calcaneum, 25 mi south¬ 
east of Lusk; F:AM 49065, left premaxillary¬ 
maxillary fragment with 13—Cl and partial 
maxillary with P3—M1, M2 broken, right and 
left partial rami with p2—ml all broken and 
m2—m3, atlas, axis, distal fragment of hu¬ 
merus, proximal part of radius and ulna, ar¬ 
ticulated calcaneum and astragalus, and ar¬ 
ticulated tarsals and metatarsals II—IV, Jay- 
Em, high in section; F:AM 49066, right par¬ 
tial ramus with p2—m2, 20 mi southeast of 
Lusk, high Middle Brown Sand; F:AM 
49067, partial skull with I1-M2, mandible 
with il—m3, and associated limbs including 
partial humerus, radius, ulna, articulated ma- 
nus with carpals, metacarpals I—V, some pha¬ 
langes, partial femora, tibia, astragalus, and 
calcaneum, 18 southeast of Lusk, high in sec¬ 
tion; F:AM 49068, left partial maxillary with 
P4-M1 and M2 alveolus, right and left par¬ 
tial rami with cl and p2—ml, partial radius 
and ulna, carpals, metacarpals III, IV, and V, 
calcaneum, astragalus, tarsals, incomplete 
metatarsals III, IV, and V, and vertebrae. 
Sand Gulch, high in section; F:AM 49082, 
right partial maxillary with P4—M2 (Ml bro¬ 
ken) and right partial ramus with p2—p3 al¬ 
veoli and ml—m3, 25 mi southeast of Lusk; 
F:AM 49083, right partial ramus with ml, 18 
mi southeast of Lusk, middle brown sand; F: 
AM 49084, right partial ramus with p4 root 
and ml-m2, Jay-Em; F:AM 49087, left iso¬ 
lated p4, ml, and right m2, 18 mi southeast 
of Lusk; F:AM 49089, partial skull with Cl 
broken—M2 and partial mandible with cl—pi 
both broken and p2—m3, 16 mi southeast of 
Lusk, high brown sand; F:AM 49090, left 
partial ramus with cl—p2 roots, p3, and p4— 
ml both broken, 16 mi southeast of Lusk, 
middle brown sand; F:AM 49091, right ra¬ 
mus with p3 alveolus and p4— m2, 18 mi 
southeast of Lusk, high brown sand; F:AM 
49092, left partial maxillary with PI, P2-P3 
alveoli, P4, Ml broken, and M2 alveolus. 


Jay-Em, high brown sand; F:AM 49094, par¬ 
tial skull with 13 broken, and C1-M2 (PI 
alveolus) and left ramus with il, i2—p2 al¬ 
veoli, p3 broken, p4 alveolus—m2, and m3 
alveolus, Jay-Em, high in section; F:AM 
49095, partial left ramus with i2—m2 and m3 
alveolus, 18 mi southeast of Lusk, high in 
section; F:AM 49097, skull with II, 12 al¬ 
veolus, 13—M2 (PI alveolus), left ramus with 
cl—m3 (p4 alveolus), left humerus, right par¬ 
tial humerus, both radii and ulnae, carpals 
articulated with metacarpals II and 111, de¬ 
tached metacarpal V, phalanges, both femora, 
right tibia, calcaneum, astragalus, tarsals ar¬ 
ticulated with proximal ends of metatarsals 
III—V, and partial baculum, Jay-Em, high in 
section; F:AM 50205, partial palate with P3- 
M2, 16 mi southeast of Lusk; F:AM 50206, 
partial right ramus with i2—ml (all broken) 
and m2—m3, Sand Gulch, south end; F:AM 
50208, right partial ramus with p2—p4 all 
broken, ml—m2, and m3 alveolus, 16 mi 
southeast of Lusk, light sand, west end; F: 
AM 54118, right partial ramus with cl, pi— 
p3 alveoli, p4, ml broken, and m2 alveolus, 
Jay-Em, below white layer; and F:AM 
105250, left partial ramus with cl, pi— p4 al¬ 
veoli, ml, and m2—m3 alveoli, roadcut about 
1 mi southeast of Podelack Ranch headquar¬ 
ters. 

Spoon Buttes area. Upper Harrison beds 
(late Arikareean), Goshen County, Wyo¬ 
ming: F:AM 49086, right ramal fragment 
with ml. Spoon Buttes; and F:AM 54142, 
right and left partial maxillae with II—Ml, 
southwest of Spoon Buttes. 

Lusk area, 18 Miles District, 18 mi south¬ 
east of Lusk, high brown sand. Upper Har¬ 
rison beds (late Arikareean), Goshen County, 
Wyoming (The following four skulls and 
jaws, F:AM 49096A—D, were found associ¬ 
ated with the limb elements in one field 
block. No direct association between limb el¬ 
ements and skulls was apparent; however, 
those limb elements marked F:AM 49096-1 
[smaller] and F:AM 49096-2 [larger] are ten¬ 
tatively considered as representing two or 
more individuals. Additional limb elements 
are placed in F:AM 49096 that may represent 
one or more individuals.): F:AM 49096A, 
skull with I1-M2 and mandible il-m3; F: 
AM 49096B, skull with 11-M2 (fig. 43A, B) 
and mandible il—m3 (fig. 43C, D); F:AM 
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Fig. 43. Desmocyon thomsoni. A. Lateral and B. ventral views of skull (Cl reversed from the right 
side), C, lower teeth, and D. ramus (cl and i 1—i2 reversed from the right side), F:AM 49096B, 18 Miles 
District. Upper Harrison beds (late Arikareean), Goshen County, Wyoming. 


49096C, skull with I1-M2 and mandible 
with il-m3; F:AM 49096D, anterior half of 
skull with 11—M2 and partial mandible with 
il-m3; F:AM 49096-1, right and left humeri, 
right partial radius, and two left femora; F: 
AM 49096-2, right and left humeri (fig. 44A) 
(?two individuals), left radius and ulna (fig. 
44B, C), right femur (fig. 44D), right and left 
tibia both with fibula (fig. 44E, F); and F: 
AM 49096, following limbs associated with 
the above and may represent either the same 


or other individuals included right proximal 
part of radius and ulna, left incomplete ulna, 
two right partial femora, right proximal part 
of tibia, right and left partial articulated pes 
with tarsals and metatarsals 1—V (fig. 44G), 
and right partial articulated pes with calca- 
neurn, astragalus, incomplete metatarsals 111 
and IV, and complete metatarsal V. 

Wheatland area, Upper Harrison beds (late 
Arikareean), Platte County, Wyoming: F:AM 
27565, left partial ramus with p4-m3; F:AM 
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49017 (referred to Tomarctus thomsoni by 
Munthe, 1989: 13), associated postcranial 
skeleton with partial axis, pelvis fragment, 
left humerus, right partial radius and ulna, 
right partial manus with carpals and meta- 
carpals 11 , 111 , and IV, left femur, left tibia 
and fibula, left articulated pes with calcane- 
um, astragalus, tarsals, metatarsal 1, incom¬ 
plete metatarsals 11 , 111 , IV, and V, Uva 
Breaks, 10 ft above white layer; and F:AM 
54119, partial skull with 11—13 alveoli, Cl- 
P4, partial mandible with cl broken, pi—m2, 
and m3 alveolus and associated limb includ¬ 
ing distal end of both humeri, right and left 
radii, left ulna and right partial ulna, right 
metacarpal I, partial metacarpal III, left meta¬ 
carpal IV and right partial metacarpal IV, left 
metacarpal V, and left calcaneum, Uva 
Breaks. 

Guernsey area, Upper Harrison beds (late 
Arikareean), Platte County, Wyoming: F:AM 
49088, posterior part of skull, both partial 
rami with p4— m3, axis, atlas, cervicals, and 
vertebrae, 6 mi west of Guernsey, high 
brown sand; and F:AM 49093, right and left 
rami with il— m3, 2 mi southwest of Guern¬ 
sey, 20 ft above white layer. 

Upper Harrison beds (late Arikareean), 
Sioux County, Nebraska: AMNH 81026 (HC 
485), right partial ramus with i 1—i3 alveoli, 
cl—pi broken, p2—m2, and m3 alveolus; 
AMNH 81027 (HC 240), left partial ramus 
with p3 root, p4— ml, and m2—m3 alveoli, 3 
mi northeast of Agate, 15 ft above the con¬ 
tact with the lower Harrison; F:AM 49182, 
left partial ramus with p4—ml both broken, 
m2, and m3 alveolus, 5—7 mi northeast of 
Agate, low in section; F:AM 49183, left ra¬ 
mus with i 1—p3 alveoli, p4—ml, and m2—m3 
alveoli, Morava Ranch; F:AM 49189, left ra- 
mal fragments with cl—p3 all broken and p4 
broken—m2, south of Harrison, high brown 
sand; F:AM 49190, left maxillary with Cl— 
Ml, south of Harrison, high in section; F:AM 
105251, left partial ramus with p2 alveolus, 
p3—m2, and m3 alveolus, northeast of Agate, 
surface below grayish low channel; KUVP 
27672, partial skull and mandible with com¬ 
plete upper and lower teeth, partial postcra¬ 
nial skeleton with atlas, axis, two lumbars, 
distal left humerus, proximal left ulna, left 
radius, left and right femora, left and right 
tibiae, partial left foot with calcaneum, tar¬ 


sals, metatarsals II—IV, and phalanges, from 
locality KU-NE-028, Dout Ranch, Sitting 
Hen and vicinity; and KUVP 27673, partial 
skull and mandible with most upper and low¬ 
er teeth except for PI and pi, and postcranial 
skeleton with partial atlas, axis, one cervical, 
three thoracics, four lumbars, left and right 
humeri, left and right ulna and radius, partial 
right manus with metacarpals II—V, and one 
medial phalanx, Dout Ranch. 

Upper Harrison beds (late Arikareean), 
Cherry County, Nebraska: UNSM 26550, 
complete skull and mandible with entire up¬ 
per and lower dentition and partial articulat¬ 
ed skeleton, UNSM loc. Cr-127; UNSM 
26664, complete skull with left and right II— 
M2, partial left ramus with p4—ml, m2 bro¬ 
ken, m3 alveolus, partial vertebral column 
with one cervical, one thoracic, five lumbars, 
sacrum, pelvis, partial right scapula, left ra¬ 
dius, nearly complete left and right hindlimbs 
with femora, tibiae, fibulae, tarsals and meta¬ 
tarsals, and phalanges; and UNSM 6865-86, 
skull fragments with 13—M2 and left and 
right rami with il—m3. 

John Day Formation (?late Arikareean), 
Oregon: AMNH 7238, isolated right M1-M2 
(No stratigraphic information is available on 
this specimen, which was collected by E. D. 
Cope parties. Based on the known range of 
this species, AMNH 7238 is probably from 
the Haystack Valley Member of the John 
Day Formation, i.e., late Arikareean). 

Lower part of Runningwater Formation 
(early Hemingfordian), Dawes County, Ne¬ 
braska: F:AM 49180, left partial ramus with 
p2—m3 (p4—ml broken), 1.25 mi northwest 
of Marsland; F:AM 49188, left partial ramus 
with ml—m2, Cross Cut Prospect, Sand Can¬ 
yon System; F:AM 54496, right partial ra¬ 
mus with p4—ml and m2 broken, Hay 
Springs Creek; and F:AM 105096, right iso¬ 
lated P2 and two maxillary fragments with 
P3-P4, Ml, and M2 alveolus. Hay Springs 
Creek. 

Lower part of Runningwater Formation 
(early Hemingfordian), Box Butte County, 
Nebraska: F:AM 62890, partial skull with 
11-13 alveoli, C1-M2 (pi alveolus) (fig. 46E, 
F), East Channel Prospect, type section of 
Runningwater Formation; and F:AM 99693, 
left partial ramus with p4 alveolus—m2 and 
m3 alveolus, Runningwater Quarry. 
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Lower part of Runningwater Formation 
(early Hemingfordian), Morrill County, Ne¬ 
braska: Bridgeport Quarry 1 (UNSM loc. 
Mo-113): UNSM 25711, right ramal frag¬ 
ment with ml-m2; UNSM 25792, left partial 
maxillary, with P3 alveolus-Ml; UNSM 
25797 (F:AM cast 97147), left partial max¬ 
illary with P3-M1 and M2 alveolus; UNSM 
25798, right partial maxillary with M1-M2; 
and UNSM 25799, left ramal fragment with 
ml—m2 and m3 alveolus. 

Spiers Quarry, ?Runningwater Formation 
(early Hemingfordian), Dawes County, Ne¬ 
braska: F:AM 49191, left partial ramus with 
ml broken and m2—m3. 

Jeep Quarry, Arroyo Pueblo drainage, up¬ 
per part of Chamisa Mesa Member, Zia For¬ 
mation (early Hemingfordian), Sandoval 
County, New Mexico: F:AM 50138, right ra¬ 
mal fragment with p4—ml; and F:AM 
62775A, right edentulous ramus fragment 
with pi—m2 alveoli. 

Distribution: Late Arikareean of South 
Dakota, Wyoming, Nebraska, and Oregon; 
early Hemingfordian of Nebraska and New 
Mexico. 

Emended Diagnosis: Characters of Des- 
mocyon thomsoni that are primitive with re¬ 
spect to D. matthewi are small frontal sinus 
that does not penetrate the postorbital pro¬ 
cess, frontal shield narrow relative to width 
of braincase, postorbital width of frontals 
narrow, and ml talonid without transverse 
crest between entoconid and hypoconid and 
hypoconulid shelf absent. 

Description and Comparison: Besides its 
larger size, Desmocyon thomsoni has several 
cranial features that set itself apart from Cor- 
mocyon and more basal taxa. In cranial pro¬ 
portions, D. thomsoni has a relatively broad¬ 
er muzzle and wide palate, a deeper jugal 
contribution to the zygomatic arch, and a 
smaller bulla (fig. 39). An inflated frontal si¬ 
nus first appears in D. thomsoni, as reflected 
by a slightly domed forehead and verified by 
dissected individuals (F:AM 49067, 49094, 
49096A, 49097). In all of these individuals 
and others whose postorbital processes are 
broken, the sinus does not invade the post¬ 
orbital process and generally ends before the 
postorbital constriction, rather than expand¬ 
ing behind the constriction. Also first ap¬ 
pearing in D. thomsoni is a complete ecto- 


tympanic ring, which bridges the top of ex¬ 
ternal auditory meatus. Thus, the roof of the 
meatus is now formed by the dorsal exten¬ 
sion of the ectotympanic instead of the squa¬ 
mosal. Fusion between the ectotympanic and 
squamosal sometimes obscure this relation¬ 
ship; however, a bony thickening in this part 
of the meatus is always visible in such cases 
to indicate the encircling ectotympanic. 

On the other hand, isolated individuals of 
Desmocyon thomsoni begin to display the 
initial development of certain derived fea¬ 
tures seen in D. matthewi. For example, two 
specimens (the holotype and F:AM 49067) 
show an expanded posterior process of the 
premaxillary whose tip touches the nasal 
process of the frontal, a derived character ful¬ 
ly established in D. matthewi. While such 
cases of advanced features suggest what is to 
come in phylogeny, they are judged to be 
interspecific variation since most specimens 
still show the primitive state. 

The presence of Desmocyon thomsoni in 
the Runningwater Formation of Nebraska is 
established by excellent materials (under 
study by Bruce Bailey), which have none of 
the derived characters for D. matthewi. Such 
a recognition of D. thomsoni in the Running- 
water Formation creates a problem of iden¬ 
tification of more fragmentary materials. The 
nearly identical size of D. thomsoni and D. 
matthewi makes the differentiation difficult. 
We are forced to use more subtle dental cri¬ 
teria for species recognition, such as a slight¬ 
ly better developed anterior ridge of the para- 
cone on P4 tending toward a parastyle and 
the presence of a transverse crest between the 
hypoconid and entoconid of ml, as indica¬ 
tive of D. matthewi. Stratigraphically, D. 
thomsoni generally occurs in the lower part 
of the Runningwater Formation whereas D. 
matthewi is mostly found in the upper part. 

A much larger series of specimens is now 
referable to Desmocyon thomsoni than was 
available when the taxon was first described, 
mostly due to the contributions from the 
Frick Collection. Particularly noteworthy is 
the presence of a group of four individuals 
(F:AM 49096A-D) in a single block of ma¬ 
trix from southeast of Lusk, Wyoming, that 
affords a rare instance of observing individ¬ 
uals from a real population. A11 four individ¬ 
uals are adults with differing degree of wear 
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on their teeth. Although dental dimensions of 
the four individuals are very close, there are 
significant size differences in their limbs (we 
cannot, however, associate the skulls with 
particular sets of postcranial skeleton). 

Two specimens, F:AM 49097 and 50213, 
can be positively sexed due to associations 
of a baculum. Two other individuals, UNSM 
26550 and 26664 (under study by Bruce Bai¬ 
ley), lack a baculum, and they are here re¬ 
garded as females. Our inference that the 
UNSM specimens truly lack a baculum is 
based on their excellent preservation. The 
postcranial skeleton in UNSM 26664 in¬ 
cludes well-preserved, completely undistort¬ 
ed lumbar vertebrae and an intact sacrum- 
pelvis, in addition to articulated hindlimbs on 
both sides—the posterior half of the skeleton 
surrounding the baculum region is complete¬ 
ly preserved. Both male individuals display 
markedly stronger canines, more robust low¬ 
er jaws, and slightly broader (transversely) 
cheekteeth than do those of the female. 
Based on such criteria, we may infer the sex 
of other referred specimens. 

Discussion: Initial reference of thomsoni 
to Cynodesmus by Matthew (1907), along 
with “C.” minor, significantly expanded the 
concept of Cynodesmus and was followed by 
a series of other species later referred to this 
genus by other authors (e.g., Simpson, 1932; 
Macdonald, 1963). Such an expanded con¬ 
cept of Cynodesmus became an important 
feature of a phylogeny of canids proposed by 
Matthew (1924, 1930), in which Cynodes¬ 
mus serves as a key link between Hespero- 
cyon and Tomarctus, the latter being in turn 
postulated to be ancestral to almost all living 
canids. As a well-known taxon at the time, 
“Cynodesmus ” thomsoni played an impor¬ 
tant role in past studies on canid phylogeny. 
Our own analysis suggests that thomsoni has 
no relevance in the initiation of the living 
canine clade, but is related to a long series 
of borophagines. 

Certain individuals of Desmocyon thom¬ 
soni from the Upper Harrison beds of Ne¬ 
braska (e.g., UNSM 26550 and 26664) are 
noticeably smaller than those from equiva¬ 
lent beds in Wyoming. Individuals from the 
late Arikareean of Wyoming can be up to 
15% larger in total skull length than found 
in the Nebraska samples, and samples from 


the Runningwater Formation tend to retain 
the small size. Such a size difference is gen¬ 
erally beyond the sexual dimorphism en¬ 
countered in living canids. Lacking any mor¬ 
phological characters to separate these sam¬ 
ples, however, we must consider the possi¬ 
bility of size reduction within the species. It 
seems possible that the co-occurrence of D. 
thomsoni with the larger Metatomarctus can- 
avus (and sometimes with Paracynarctus 
kelloggi ) in some quarries in the Running- 
water Formation may have caused size re¬ 
duction in D. thomsoni. 

Desmocyon matthewi, new species 
Figures 45, 46A-D 

Holotype: F:AM 49177, articulated skull 
and mandible with all teeth represented (fig. 
45), postcranial elements including the first 
four cervical vertebrae, partial humerus, par¬ 
tial radius and ulna, partial pelvis, and partial 
femur from Marshall Ranch, Cottonwood 
Creek, upper part of the Runningwater For¬ 
mation (early Hemingfordian), Dawes Coun¬ 
ty, Nebraska. 

Etymology: Named in honor of William 
Diller Matthew for his pioneering studies on 
canid phylogeny and his fundamental contri¬ 
butions to paleomammalogy. 

Referred Specimens: Upper part of the 
Runningwater Formation (early Hemingfor¬ 
dian), Dawes County, Nebraska: F:AM 
49176, left maxillary fragment with isolated 
Cl, P3 broken, isolated P4 broken, right and 
left partial rami with cl, pi—p2 alveoli, p3— 
m3 (m2 broken), partial humerus, radius (fig. 
46A), partial ulna (fig. 46B), metacarpal I 
and partial metacarpal 111, metatarsal II and 
incomplete metatarsals I and III, vertebrae, 
and phalanges, Elder Ranch, Cottonwood 
Creek; F:AM 49194, right ramus with cl- 
m2 and m3 alveolus, “B” Quarry; F:AM 
61300, partial skull with I2-M2, “B” Quar¬ 
ry; F:AM 61301, left partial maxillary with 
P3-M1, D. C. Quarry; F:AM 104693, left 
partial ramus with pi—p3 alveoli, ml bro¬ 
ken—m2 and m3 alveolus. Cottonwood Creek 
Quarry; F:AM 104695, left partial ramus 
with pi alveolus, p2—p3 broken, p4— m2, and 
m3 alveolus. Cottonwood Creek Quarry; F: 
AM 104699, right maxillary fragment with 
Cl—PI alveoli and P2-P3, “B” Quarry; F: 













Fig. 46. A, Partial ulna and B, radius, Desmocyon matthewi, F:AM 49176, Elder Ranch, Running- 
water Formation (early Hemingfordian). Dawes County, Nebraska. C, Lower teeth and D, ramus, D. 
matthewi, F:AM 49181, 4 ft above Aletomeryx Quarry, Runningwater Formation (early Hemingfordian), 
Cherry County, Nebraska. E, Lateral view of skull and F, upper teeth (M2 reversed from right side), 
D. thomsoni , F:AM 62890, East Channel Prospect, Runningwater Formation (early Hemingfordian), Box 
Butte County, Nebraska. 


AM 104701, right ramal fragment with ml 
broken, m2, and m3 alveolus, northwest of 
Marsland; F:AM 105335, left partial maxil¬ 
lary with P4—Ml, Cottonwood Creek Quar¬ 
ry; and F:AM 105336, right ramus fragment 
with ml. Cottonwood Creek Quarry. 

Upper part of the Runningwater Formation 
(early Hemingfordian), Cherry County, Ne¬ 
braska: F:AM 25439, left partial ramus with 
i 1—i3 alveoli and cl broken—m2 (ml broken 
and m3 alveolus), above Aletomeryx Quarry; 
F:AM 25467, right isolated Ml, Aletomeryx 
Quarry, Antelope Creek; F:AM 49181, right 
and left rami with i3—m2 and m3 alveolus 


(fig. 46C, D), 4 ft above Aletomeryx Quarry; 
F:AM 49185, left maxillary fragment with 
Ml, right ramal fragment with ml—m2 and 
left isolated m2, upper Aletomeryx zone, 18 
mi east of Aletomeryx Quarry; and F:AM 
61299, right partial ramus with pi—p3 alve¬ 
oli, p4—ml both broken, m2, and m3 alveo¬ 
lus, 10 ft above Aletomeryx Quarry zone. 

Upper part of Runningwater Formation 
(early Hemingfordian), Box Butte County, 
Nebraska: UNSM 25627 (F:AM cast 97146), 
right partial ramus with p4—m2 and m3 al¬ 
veolus, Hemingford Quarry (UNSM loc. Bx- 
7). 
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Fig. 47. Log-ratio diagram for cranial measurements of Desmocyon , Cynarctus, and Euoplocyon 
using Desmocyon thomsoni as a standard for comparison (straight line at zero). See text for explanations 
and appendix II for measurements and their definitions. 


Runningwater Formation (early Heming- 
fordian), 2 mi west of Pole Creek, Cherry 
County, Nebraska: F:AM 61312, right ramus 
with cl and pi alveolus—m3; and F:AM 
62880, isolated left ml. 

Miller Locality (early Hemingfordian), Su¬ 
wannee River, Dixie? County, Florida: 
KUVP 11453, right ramus with pl-p3 alve¬ 
oli, p4-ml, and m2-m3 alveoli; KUVP 
114454, right ramus with p2, p4, and alveoli 
of the rest of teeth; KUVP 114455, right ra¬ 
mus with p4— ml and alveoli of the rest of 
cheekteeth; KUVP 114456, left ramal frag¬ 
ment with ml-m2; KUVP 114458, left ra¬ 
mus with cl—p2 alveoli and p3—ml; KUVP 
114462, right ramal fragment with pi—p3 al¬ 
veoli and p4; KUVP 114466, right ramus 
with p4—ml and alveoli of the rest cheek¬ 
teeth; KUVP 114467, left ramal fragment 
with cl— p3 alveoli and p4— ml broken; 
KUVP 114472, left ramus with ml-m2, and 


p4 and m3 alveoli; and KUVP 116621 (cast), 
left ramus with cl—p2 alveoli, p3—m2, and 
m3 alveolus. 

Distribution: Early Hemingfordian of Ne¬ 
braska and Florida. 

Diagnosis: Synapomorphic features that 
distinguish Desmocyon matthewi and higher 
taxa from D. thomsoni are posterior process 
of premaxillary meeting nasal process of 
frontal; frontal sinus enlarged, penetrating 
postorbital process and extending posteriorly 
to near frontal-parietal suture; frontal shield 
wide relative to width of braincase; postor¬ 
bital width of frontals greater; and ml talonid 
usually with transverse cristid between en- 
toconid and hypoconid. 

Description and Comparison: Although 
the tips of the premaxillary and frontal may 
begin to touch each other in some individuals 
of Desmocyon thomsoni and also in Phlao- 
cyon leucosteus (probably due to its brachy- 
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Fig. 48. Log-ratio diagram for dental measurements of Desmocyon, Cynarctus, Metatomarctus, and 
Euoplocyon using Desmocyon thomsoni as a standard for comparison (straight line at zero). See text for 
explanations and appendix III for summary statistics of measurements and their definitions. 


cephalic skull), the contact of these two 
bones are firmly established only in D. mat¬ 
thewi and higher taxa—the transverse width 
of this zone of contact is 2 mm or more. The 
more extensive frontal sinus in D. matthewi 
can be inferred from its broader and more 
domed frontal shield in the holotype and can 
be observed in a dissected specimen, F:AM 
61300. The sinus in the latter can be seen to 
invade the postorbital process extending back 
toward the frontal-parietal suture. Quantita¬ 
tively, this sinus expansion is readily dem¬ 
onstrated in the ratio diagram of cranial mea¬ 
surements, which shows a conspicuously 
broadened postorbital constriction (fig. 47). 

Dentally, Desmocyon matthewi is little dif¬ 
ferent from D. thomsoni both in size and pro¬ 
portions (fig. 48), and as discussed under D. 
thomsoni, differentiation of fragmentary ma¬ 
terials between D. thomsoni and D. matthewi 
is sometimes difficult. The only derived fea¬ 
ture in D. matthewi is the usual possession 
of a transverse crest between the hypoconid 


and entoconid in ml. Presence of this trans¬ 
verse crest delineates a small basin on the 
posterior end of the talonid—a hypoconulid 
shelf. Heavy wear on some specimens re¬ 
ferred to D. matthewi, however, prevents di¬ 
rect observation of this feature. 

The small sample, mostly fragmentary 
lower jaws, from the Miller Local Fauna of 
Florida is closely comparable with those 
from Nebraska. Nearly all (5 of 6 individu¬ 
als) have acquired the transverse crest be¬ 
tween the hypoconid and entoconid on nr Is, 
a character of the species. The only notice¬ 
able variation is in the slightly longer m2s in 
the Florida sample. 

Discussion: Specimens of Desmocyon 
matthewi are rather rare and are confined to 
a few quarries in the upper part of the Run- 
ningwater Formation of Nebraska and the 
correlative Miller Local Fauna of Florida. 
This phylogenetically transitional species 
quickly gave rise to the more derived Cy- 
narctina and Metatomarctus. Both Metato- 
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marctus and early members of the Cynarc- 
tina co-occur with Desmocyon matthewi in 
the early Hemingfordian of Nebraska. 

SUBTRIBE CYNARCTINA MCGREW, 
1937, new rank 

Type Genus: Cynarctus Matthew, 1902. 

Included Genera: Paracynarctus, new 
genus; and Cynarctus Matthew, 1902. 

Distribution: Early Hemingfordian 
through early Clarendonian of North America. 

Emended Diagnosis: The Cynarctina 
shares with Metatomarctus a single derived 
character of a lateral accessory cusp on the 13 
that distinguishes it from the more primitive 
Desmocyon. The cynarctine clade is distin¬ 
guished from Metatomarctus and Euoplocyon 
in its hypocarnivorous characteristics: a small 
subangular lobe on mandible, high mandibu¬ 
lar condyle, short P4 relative to upper molars, 
enlarged M2, ml protostylid, elongated m2 
with strong anterolabial cingulum, and m3 
elongate with basined trigonid. In addition, 
the Cynarctina primitively lacks a distinct par- 
astyle crest on the P4, as is present in Meta¬ 
tomarctus and more derived taxa. 

Paracynarctus , new genus 

Type Species: Paracynarctus sinclairi, 
new species. 

Etymology: Greek: para, near; Cynarc¬ 
tus, indicating relationship to the genus Cy¬ 
narctus. 

Included Species: Paracynarctus kelloggi 
(Merriam, 1911) and Paracynarctus sinclairi, 
new species. 

Distribution: Early Hemingfordian of Ne¬ 
braska and Delaware; medial to late Hem¬ 
ingfordian of New Mexico; late Hemingfor¬ 
dian of Wyoming and Nevada; late Heming¬ 
fordian or early Barstovian of Colorado; 
Hemingfordian of California; early Barsto¬ 
vian of Nebraska, Nevada, California, and 
New Mexico; and late Barstovian of Nevada. 

Diagnosis: In addition to the derived char¬ 
acters shared by Paracynarctus and Cynarc¬ 
tus (see diagnosis of subtribe Cynarctina), 
three derived characters are possessed by all 
species of Paracynarctus'. diastemata between 
premolars, P4 with strong lingual cingulum or 
hypocone, and cleft on lingual cingulum of 
Ml and M2 separating near cusplike devel¬ 


opment of anterolingual cingulum from hy¬ 
pocone. In addition, most Paracynarctus 
lacks a transverse cristid on ml talonid (a re¬ 
versal). Paracynarctus is distinguishable from 
Cynarctus in its lack of synapomorphies of 
the latter clade: narrowed auditory opening, 
recurved cl, and elongated Ml. 

Discussion: The presence of a small hy¬ 
pocone on the P4 and quadrate upper molars 
in Paracynarctus (especially in P. sinclairi), 
in contrast to the lack of these features in 
Cynarctus, suggests that Paracynarctus ar¬ 
rived at a moderate level of hypocarnivory 
in a way that differs from Cynarctus. Fur¬ 
thermore, Paracynarctus entirely lacks the 
numerous synapomorphies in the Cynarctus 
clade that are related to further reduction of 
premolars, enlargement of complex lower 
molars, narrowed auditory meatus, and other 
features. Despite such divergent approaches 
to hypocarnivory, there are several shared 
derived characters between Paracynarctus 
and Cynarctus that suggest a sister relation¬ 
ship (diagnosis of Cynarctina). 

Paracynarctus kelloggi (Merriam, 1911) 
Figures 49, 50, 51A-H 

Tephrocvon kelloggi Merriam. 1911 (in part): 

235, pi. 32, figs. 1, 2, 6, and 7; 1913: 367, fig. 

9a, b. Green, 1948: 81. 

Tephrocvon near kelloggi (Merriam): Merriam. 

1911:237, fig. 7; 1913: 368, fig. 13; 1916: 174, 

fig. 2a, b. 

Tomarctus kelloggi (Merriam): Bode, 1935: 87. 

Munthe, 1988: 91, figs. 21, 22 (in part). 
Cynodesmus kelloggi (Merriam): Stirton, 1939a: 

628-629. Downs, 1956: 236. 

Cynodesmus casei Wilson, 1939: 315, figs. 1, 2. 
Tomarctus casei (Wilson): White, 1941b: 95. 
Tomarctus ? kelloggi (Merriam): Henshaw, 1942: 

108, figs. 1, la, 2, 2a. Munthe, 1998: 135. 
Tomarctus cf. T. thomsoni (Matthew, 1907): 

Emry and Eshelman, 1998: 160. fig. 2M, L. 

Holotype: UCMP 11562 (AMNH cast 
27873), right and left partial rami with cl 
broken—m2 (p3—p4 broken and m3 alveolus) 
(fig. 49G, H), from UCMP loc. 1065, Virgin 
Valley, Virgin Valley Formation (early Bar¬ 
stovian), Humboldt County, Nevada. 

Referred Specimens: From the type area. 
Virgin Valley, Virgin Valley Formation (ear¬ 
ly Barstovian), Humbolt County, Nevada: 
UCMP 11474 (Merriam, 1911: fig. 6), right 
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ramus with cl—ml all broken and m2, 
UCMP loc. 1065; and UCMP 15546 (IT 
114), right maxillary fragment with P4—Ml. 

From Split Rock Formation (late Heming- 
fordian), Fremont County, Wyoming (listed 
by Munthe, 1988, in part): ACM 11391 
(AMNH cast 89734) (Munthe, 1988: figs. 21, 
22), partial skull with P4—M2 (fig. 49A, B), 
basicranium, occiput, right and left rami with 
cl—m3 (fig. 49C, D), scapholunar, trapezium, 
trapezoid and metacarpal I, from UCMP loc. 
V69191, 15 ft above Brcichycrus Quarry of 
Falkenbach (1936-1938); CMNH 14708, 
m3, from UCMP loc. V69190; KUVP 
20356, m2, from V69190-69192; MCZ 
7321, P4, and two p4s, from V69190- 
V69192; UCMP 121912 and F:AM 95409 
(one individual), P4 fragment, lingual halves 
of both Mis, both M2s, cl, both p2s, p4, 
fragments of both mis, and m2 from UCMP 
loc. V77149; UCMP 121913, ramal fragment 
with ml—m2, from V77149; UCMP 121914, 
ramal fragment with ml, from V77149; 
UCMP 121915, ramal fragment with pl-p2 
from V69190; UCMP 121916 and 121917, 
M2s, from V69192; UCMP 121918, p4, 
from V69192; and KUVP 20355, Ml, from 
V69190-69192. 

Upper part of the Runningwater Formation 
(early Hemingfordian), Dawes County, Ne¬ 
braska: F:AM 99351, left partial ramus with 
p2—p3, p4 alveolus, and ml broken, Warren 
Barnum Ranch. 

Canyada Pilares, northern Ceja del Rio 
Puerco area, local green zone, in Canyada 
Pilares Member, Zia Formation (early Hem¬ 
ingfordian), New Mexico: F:AM 27352, left 
premaxillary-maxillary with 11—12, 13 bro¬ 
ken, and C1—M2 (fig. 49E, F). 

Pollack Farm Site (Delaware Geological 
Survey locality Idll-a), lower shell bed of 
Cheswold sands, lower Calvert Formation 
(late early Hemingfordian), near Cheswold, 
Delaware: USNM 475812, isolated right P4 
(referred to Tomarctus cf. T. thomsoni by 
Emry and Eshelman, 1998: fig. 2M, L). 

Kiva Quarry near the divide between Can¬ 
yada de Zia and Canyada Piedra Parada, Zia 
Formation (late Hemingfordian), Jernez 
Creek Area, Sandoval County, New Mexico: 
F:AM 50142, left ramus with i 1—i3 broken 
and cl-m3 (pi broken); and F:AM 50144, 
right ramus with cl—m3 (fig. 491, J). 


Massacre Lake Local Fauna (late Heming¬ 
fordian), Washoe County, Nevada: UCMP 
loc. V6161: UCMP 75844, left maxillary 
with P1-P3 alveoli and P4-M1. Big Basin: 
USGS M1094, left maxillary fragment with 
Ml—M2. 

White Operation Wash, “Double Purple” 
layer of the Nambe Member, Tesuque For¬ 
mation (late Hemingfordian), Santa Fe Coun¬ 
ty, New Mexico: F:AM 50140, right partial 
ramus with p4 broken, ml, m2 alveolus, and 
m3 unerupted. 

Spruce Gulch, 5 mi south of State Bridge, 
in a volcanic tuff in North Park Formation, 
late Hemingfordian or early Barstovian 
(presence of Brachycrus and Mylagaulus in 
this locality [Robinson, 1968] suggests a late 
Hemingfordian or early Barstovian age in¬ 
stead of the late Arikareean estimated by 
Wilson, 1939), Eagle County, Colorado: UM 
18955 (holotype of Cynodesmus casei Wil¬ 
son, 1939), premaxillary-maxillary with Cl— 
PI broken and P2-M2. 

Santa Fe Area, Skull Ridge Member and 
correlatives, Tesuque Formation (early Bar¬ 
stovian), Santa Fe County, New Mexico: F: 
AM 27394, right partial ramus with cl-p3 
alveoli, p4—ml, and m2 broken; F:AM 
27396, anterior part of skull with 11-Cl all 
broken, P1-P3, and P4-M2 all broken, 3 mi 
from Cuyamunque; F:AM 27399, left partial 
ramus with cl and p2—m2, Tesuque; F:AM 
27487, palate with 11-Cl all broken and Pl- 
M2, and mandible with i 1—i3 all broken and 
cl—m3, west of Tesuque (fig. 51 A—D); F:AM 
27488, left partial ramus with p2—p3 alveoli, 
p4, and ml broken—m2, Cuyamunque; F:AM 
50135, right premaxillary-maxillary with 12— 
P4 broken and M1-M2, lower part of light 
band, east of Tesuque Fault; F:AM 50136, 
right partial ramus with p4 root and ml—m3 
all broken, west of Tesuque, Tesuque Bound¬ 
ary wash, light band east of Tesuque Fault; 
F:AM 50137, anterior part of skull with 11- 
M1 and M2 broken (fig. 5 IE, F), 1 mi east 
of Cuyamunque; F:AM 50187, right partial 
ramus with cl alveolus and pi—m3 all bro¬ 
ken, partial left ulna, Tesuque; and F:AM 
105097, right partial ramus with p3—m2 (bro¬ 
ken) and alveoli of il—p2, 5 ft below Ash A 
in block no. 3 south of Arroyo Seco, Skull 
Ridge. 

Phillips Ranch, UCMP loc. 2577, Bopesta 
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Fig. 49. Paracynarctus kelloggi. A, Upper teeth, B, lateral view of maxillary, C, lower teeth, and D, ramus, ACM 11391 (all reversed from 
right side), 15 ft above Brachycrus Quarry, Split Rock Formation (late Hemingfordian), Fremont County, Wyoming. E, Upper teeth and F, lateral 
view of partial skull, F:AM 27352, Canyada Pilares, Canyada Pilares Member, Zia Formation (medial Hemingfordian), New Mexico. G, Lower 
teeth and H, ramus, UCMP 11562, holotype. Virgin Valley, Virgin Valley Formation (early Barstovian), Humboldt County, Nevada. I, Lower 
teeth and J, ramus, F:AM 50144 (all reversed from right side), Kiva Quarry, Zia Formation (late Hemingfordian), Sandoval County, New Mexico. 





110 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


NO. 243 



Fig. 51. A, Upper teeth (M2 reversed from right side), B, lateral view of partial skull, C, lower 
teeth, and D, ramus (reversed from right side), Paracynarctus kelloggi, F:AM 27487, Santa Fe area. 
Skull Ridge Member, Tesuque Formation (early Barstovian), Santa Fe County, New Mexico. E, Upper 
teeth (reversed from right side) and F, lateral view of partial skull. P. kelloggi, F:AM 50137, 1 mi east 
of Cuyamunque, Skull Ridge Member, Tesuque Formation. G. Lower teeth and H, ramus, P. kelloggi, 
F:AM 61000 (all reversed from right side), Steepside Quarry. Barstow Formation (early Barstovian), 
San Bernardino County, California. I, Lower teeth and J. ramus, Paracynarctus sinclairi, F:AM 61007, 
Humbug Quarry. Olcott Formation (early Barstovian), Dawes County, Nebraska. 
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Desmocyon thomsoni : Paracynarctus kelloggi -■=>- Paracynarctus Sinclairi 
Cynarctus galushai Cynarctus saxatilis ^ Cynarctus crucidens 


Fig. 52. Log-ratio diagram for cranial measurements of Paracynarctus and Cynarctus using Des¬ 
mocyon thomsoni as a standard for comparison (straight line at zero). See text for explanations and 
appendix II for measurements and their definitions. 


Formation (late Hemingfordian), Kern Coun¬ 
ty, California: UCMP 45119, left ramal frag¬ 
ment with p4—ml. 

Steepside Quarry, Barstow area, Barstow 
Formation (early Barstovian), San Bernardi¬ 
no County, California: F:AM 61000, left and 
right partial rami with i3—m3 (fig. 51G, H); 
F:AM 61001, crushed skull with P2, P4, and 
alveoli of the rest of teeth (fig. 50); F:AM 
61002, right partial ramus with cl, p2—p3 
broken, p4— m2, and m3 alveolus; F:AM 
61003, left partial ramus with cl—pi alveoli 
and p2-m3 (ml-m2 broken); F:AM 61004, 
right partial ramus with i2 root—cl, pi— p4 
broken, ml, and m2 broken; and F:AM 
61005, left partial ramus with cl and pi 
root—m3 (ml broken). 

Siebert Formation, Tonopah Local Fauna 
(LACM loc. 172) (late early Barstovian), San 
Antonio Mountains, near Tonopah, Nye 
County, Nevada: LACM-CIT 789 (Henshaw, 


1942: pi. 3, figs. 2, 2a), left ramal fragment 
with ml—m2; LACM-CIT 1235 (Henshaw, 
1942: pi. 3, figs. 1, la), left partial ramus 
with pl-ml and m2 alveolus; UCMP 15972, 
right and left ramal fragments with ml and 
m2; and UCMP 15975, left maxillary frag¬ 
ment with P4—Ml and M2 broken and an 
isolated Ml. 

Home Station Pass, unnamed formation 
(late Barstovian), Pershing County, Nevada: 
F:AM 49299, right isolated M2; and F:AM 
49299A, left isolated M2. 

Distribution: Early Hemingfordian of Ne¬ 
braska and Delaware; early to late Heming¬ 
fordian of New Mexico; late Hemingfordian 
of Wyoming, Nevada, and California; late 
Hemingfordian or early Barstovian of Colo¬ 
rado; early Barstovian of Nevada, California, 
and New Mexico; and late Barstovian of Ne¬ 
vada. 

Emended Diagnosis: Synapomorphies 
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- Desmocyon thomsoni —Paracynarctus kelloggi □ - Paracynarctus sinclairi v Cynarctus galushi 

* Cynarctus marylandica Cynarctus sexatilis Cynarctus voorhiesi a Cynarctus crucidens 


Fig. 53. Log-ratio diagram for dental measurements of Paracynarctus and Cynarctus using Des¬ 
mocyon thomsoni as a standard for comparison (straight line at zero). See text for explanations and 
appendix III for summary statistics of measurements and their definitions. 


uniting P. kelloggi and P. sinclairi are a 
small diastemata between premolars, P4 with 
strong lingual cingulum or hypocone, and 
enlarged Ml lingual cingulum which has a 
transverse cleft. Characters of P. kelloggi that 
are primitive with respect to P. sinclairi are 
horizontal ramus not narrowed, P4 lacking a 
conical hypocone, and smaller and less quad¬ 
rate Ml and M2. 

Description and Comparison: Despite the 
numerous referred specimens above, our 
knowledge of the cranial morphology of this 
species is still incomplete. The best cranial 
material available is a crushed skull from the 
Barstow Formation of California (F:AM 
61001). Supplemented by other cranial frag¬ 
ments (e.g., F:AM 50137 and descriptions of 
ACM 11391 in Munthe, 1988), we may ob¬ 
serve the following cranial and dental fea¬ 
tures. The premaxillary is in full contact with 
the nasal process of frontal. The frontal sinus 
reaches the frontal-parietal suture. The nu¬ 
chal crest is broadly fan-shaped in posterior 


view, and the lambdoidal crest above the 
mastoid area is not reduced as in Microto- 
marctus and Tomarctus. The opening for the 
external auditory meatus is large, in contrast 
to markedly reduced opening in Cynarctus. 

Upper incisors of P. kelloggi are complex. 
The 13 has small lateral and lingual acces¬ 
sory cusps in addition to the two cusps on 
the tip. In some individuals, the PI—P3 are 
slightly reduced in size and are simple in 
morphology as compared to those in Des¬ 
mocyon matthewi and Metatomarctus. The 
P4 is short and wide (except F:AM 27352), 
and has a strong lingual cingulum. Such cin¬ 
gulum is particularly well-developed in all 
Barstovian specimens. All Mis consistently 
have an elongated lingual cingulum, which 
is divided by a transverse cleft to delineate a 
conical hypocone (at this stage, it is still a 
slight enlargement on the posterolingual cor¬ 
ner of the cingulum). The M2 is slightly en¬ 
larged relative to the Ml (fig. 53). 

The lower canine lacks the sharply re- 
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curved condition in Cynarctus. Lower pre¬ 
molars are small, and some are separated by 
short diastemata, although individuals from 
California and New Mexico tend to have 
more closely spaced premolars, as seen in 
Desmocyon matthewi and more basal taxa. 
The talonid of ml is relatively wide. A trans¬ 
verse crest between the entoconid and hy- 
poconid is either lacking or only vaguely de¬ 
veloped, and as a result, the talonid basin is 
wider and deeper than those in Cynarctus. 
The m2 is markedly elongated, often with a 
well-developed anterolabial cingulum. The 
m3 is also long. 

Discussion: Previous studies of Paracy- 
narctus kelloggi placed it in Tomarctus, Te- 
phrocyon, or Cynodesmus (see synonym list 
above). As summarized by Munthe (1988: 
96—98), the low-crowned premolars in P. kel¬ 
loggi seemed at odds with other species of 
Tomarctus in the traditional sense ( Desmo- 
cyon through Tomarctus in this study), which 
tend to have strong, high-crowned, multicus¬ 
pid premolars. In the broader view afforded 
by this study, P. kelloggi has a combination 
of meso- and hypocarnivorous characters (in¬ 
cluding the low-crowned premolars) to be a 
cynarctine, and, more specifically, its devel¬ 
opment of a strong P4 lingual cingulum and 
a cleft on the Ml lingual cingulum further 
ally itself to P. sinclairi. 

The early Hemingfordian presence of P. 
kelloggi is indicated by a jaw fragment from 
the upper part of the Runningwater Forma¬ 
tion of Nebraska (F:AM 99351). This indi¬ 
vidual agrees in some aspects of the dental 
morphology of P. kelloggi (reduction of pre¬ 
molars, widening of the ml talonid, presence 
of a protostylid on ml, and a deep talonid 
basin). Pending additional materials from 
this locality, it may be viewed as an early 
representative of this species. 

Wilson’s (1939) Cynodesmus casei from 
Spruce Gulch, Colorado, is here synony- 
mized with Cynarctus galushai. Based on his 
descriptions and illustrations (Wilson, 1939: 
315—317, figs. 1, 2), the holotype of casei 
possesses all the diagnostic characters of 
Paracynarctus kelloggi, although it is slight¬ 
ly smaller in dental dimensions. 

Emry and Eshelman (1998: 160, fig. 2M, 
L) recently referred a single P4 from the Pol¬ 
lack Farm Site, Delaware, to Tomarctus cf. 


T. thomsoni. Their published figure shows 
that this upper carnassial has a strong cin¬ 
gulum on both anterior and lingual sides, and 
a narrower cingulum on the labial side. Fur¬ 
thermore, the P4 has a large protocone and a 
small parastyle. All of these features suggest 
a cynarctine affinity, although the limited 
material available prevents from a secure 
identification. If our reference of the Dela¬ 
ware specimen to Paracynarctus kelloggi is 
correct, it is only the second record of cy¬ 
narctine in the east coast of United States 
(the other is Cynarctus marylandica; see be¬ 
low). 

Paracynarctus sinclairi, new species 
Figures 511, J, 54 

Holotype: F:AM 61009, skull with 11-13 
alveoli and Cl—M2 (PI alveolus) (fig. 54), 
from Quarry 2, Olcott Formation (early Bar- 
stovian), Sioux County, Nebraska. 

Etymology: Named for the eminent ver¬ 
tebrate paleontologist W. J. Sinclair of 
Princeton University who directed collecting 
in the Sioux County area early in the twen¬ 
tieth century. 

Referred Specimens: Olcott Formation 
(early Barstovian), Dawes County, Nebraska: 
F:AM 49135, right partial maxillary with 
P4-M2, New Surface Quarry; F:AM 61007, 
left partial ramus with cl erupting, ml, m3 
unerupted, and alveoli of il—i3, pi—p4, and 
m2 (fig. 511, J), Humbug Quarry; F:AM 
61008, left partial ramus with p2 and p4 and 
alveoli for pi, p3, and ml—m3. Quarry 2; F: 
AM 61008A, left ramus with il-pl alveoli, 
p2, p3—p4 alveoli, ml broken, and m2—m3 
alveoli, Boulder Quarry; and F:AM 61040, 
partial right ramus with cl—pi alveoli and 
p2—m3 (m2 broken), West Sinclair Draw. 

Observation Quarry, Sand Canyon For¬ 
mation (early Barstovian), Dawes County, 
Nebraska: F:AM 54480, right isolated M2; 
F:AM 61006, right isolated P4; and F:AM 
105095, left broken isolated Ml. 

Distribution: Early Barstovian of Nebras¬ 
ka. 

Diagnosis: Derived characters that distin¬ 
guish P. sinclairi from P. kelloggi are the 
presence of a P4 hypocone and larger and 
subquadrate M1-M2. 

Description and Comparison: The excel- 



Fig. 54. Paracynarctus sinclairi. A, Lateral, B. ventral, and C, dorsal views of skull. F:AM 61009, 
holotype. Quarry 2, Olcott Formation (early Barstovian), Sioux County, Nebraska. 


lently preserved skull of the holotype affords 
a suitable basis of comparison of the cranial 
morphology of this species. The premaxil¬ 
lary process is in full contact with the nasal 
process of the frontal, and the contact region 
is 2.5 mm in the narrowest section. The fron¬ 
tal sinus is well developed and extends to the 
frontal-parietal suture. The nuchal crest is not 
expanded posteriorly as it is in Microto- 


marctus and Tomarctus, and its outline forms 
a broad fan as in Cynarctus, Psalidocyon, 
and more primitive forms. The bulla is mod¬ 
erately inflated but not as bulbous as in Cy¬ 
narctus. The opening for the external audi¬ 
tory meatus is relatively large and still has a 
V-shape notch toward the postglenoid pro¬ 
cess, in contrast to narrowed, rounded exter¬ 
nal openings in Cynarctus. 
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The upper premolars are slightly reduced, 
both in size and accessory cusplets, relative 
to those in Metatomarctus. The P4 is short 
relative to the Ml, and has a distinct hypo- 
cone (F:AM 61009) or a prominent enlarge¬ 
ment of the anterior segment of the lingual 
cingulum just behind the protocone (F:AM 
49135, 61006). The Ml in the holotype is 
nearly quadrate because of the widening of 
the lingual cingulum, especially toward the 
anterolingual corner. This expansion of the 
lingual border, however, is not as prominent 
in F:AM 49135 and 105095. F:AM 49135 
and 61006 are also significantly smaller in 
size than the holotype (averaging 21 % small¬ 
er in all dental measurements), and may rep¬ 
resent a distinct species when more complete 
materials are known. The M2 is large, as in 
P. kelloggi. 

No associated lower jaw exists for P. sin¬ 
clairi, and the present reference to this spe¬ 
cies of four partial rami is necessarily pro¬ 
visional. A weak subangular lobe is present 
in F:AM 61008A but is less developed in F: 
AM 61007 because of the younger age of the 
latter. The ml in F:AM 61007 is somewhat 
peculiar in its prominent development of a 
conical cristid obliqua anterior to the hypo- 
conid behind the protoconid. This cusp is not 
present in F:AM 61008A or is weakly de¬ 
veloped in most other Cynarctina. There is a 
protostylid in F:AM 61007, but it is so weak 
that no more than a slight impression is vis¬ 
ible. The ml in F:AM 61007 is also highly 
crenulated. As in P. kelloggi, the m2 is en¬ 
larged. 

Discussion: The moderately hypocarnivo- 
rous dentition in P. sinclairi has a distinctly 
different configuration from those of Cy- 
narctus. In P. sinclairi the form of the P4 
hypocone and the quadrate Ml with its 
strong lingual cingulum, but not a distinct, 
conical hypocone, is opposite to the case in 
Cynarctus. Both forms of hypocarnivory in 
Paracynarctus and Cynarctus are evidently 
derived features with respect to primitive 
conditions in Metatomarctus and Desmocyon 
matthewi, and that in P. kelloggi and P. sin¬ 
clairi thus helps to define a clade distinct 
from Cynarctus. 

Cynarctus Matthew, 1902 

Type Species: Cynarctus saxatilis Mat¬ 
thew, 1902. 


Included Species: Cynarctus galushai, 
new species; 1 Cynarctus marylandica (Ber¬ 
ry, 1938); Cynarctus saxatilis Matthew, 
1902; Cynarctus voorhiesi, new species; and 
Cynarctus crucidens Barbour and Cook, 
1914. 

Distribution: Early Barstovian of Mary¬ 
land and California; late Barstovian of Ne¬ 
braska, Colorado, and California; early Clar- 
endonian of Nebraska, South Dakota, and 
Texas; late Clarendonian of Nebraska; and 
Clarendonian of Texas. 

Emended Diagnosis: Derived characters 
that distinguish Cynarctus from Paracynarc¬ 
tus are an auditory meatus of small diameter 
with a small lip. Ml transversely narrow and 
subquadrate, cl strongly recurved, and p4 
posterolingual shelf with weak “metastylid” 
sometimes present. In addition, Cynarctus 
and Paracynarctus share several derived 
dental features distinguishable from those of 
Metatomarctus and more primitive taxa: a 
weak subangular lobe, a high mandibular 
condyle, short P4 relative to Ml, enlarged 
M2, presence of a ml protostylid, widened 
ml talonid, and elongated m2 and m3. 

Discussion: Of the several independent at¬ 
tempts by the borophagines to develop hy- 
pocarnivorous dentitions, Cynarctus has 
gone the farthest. As the name implies, Cy¬ 
narctus is rather ursidlike in many features, 
such as in the reduction of its premolars, pos¬ 
terior expansion of M2, shortening of ml tri- 
gonid, and enlargement of the ml talonid. 
Matthew (1902) initially thought Cynarctus 
was an amphicyonid, and did not mention this 
genus in his subsequent treatment of the canid 
phylogeny (Matthew, 1924, 1930). McGrew 
(1937, 1938a), on the other hand, was im¬ 
pressed by its hypocamivorous dentition and 
placed Cynarctus, along with Cynarctoides 
and Phlaocyon, in the Procyonidae. 

Basicranial morphology of Cynarctus, 
available for C. galushai and C. crucidens 
from the F:AM collection, shows a typical 
canid middle ear (i.e., inflated entotympanic 
bulla, presence of an alisphenoid canal, ab¬ 
sence of a deep suprameatal fossa). Coupled 
with typical borophagine cranial and dental 
features, more clearly seen in C. galushai, 
these morphologies firmly place Cynarctus 
within the borophagine clade. 
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Cynarctus galushai, new species 
Figure 55 

Holotype: F:AM 27543, crushed skull 
with 11-13 alveoli. Cl, and PI alveolus-M2 
and right and left partial rami with il—m2 
(fig. 55A, B), Valley View Quarry, “Second 
Division,” Barstow Formation (late early 
Barstovian), San Bernardino County, Cali¬ 
fornia. 

Etymology: Named in honor of Ted Gal- 
usha, Frick Curator Emeritus, American Mu¬ 
seum of Natural History, who collected 
many of the specimens cited in this paper. 

Referred Specimens: “Second Division,” 
Barstow Formation (late early Barstovian), 
San Bernardino County, California: F:AM 
27542, left ramus with i3 root-m3 (pi al¬ 
veolus and p3 broken) (fig. 55E, F), Valley 
View Quarry. 

“First Division,” Barstow Formation (ear¬ 
ly late Barstovian), San Bernardino County, 
California: F:AM 27268, right and left partial 
rami with il—pi alveoli, p2—m2, and m3 al¬ 
veolus, no data but preservation suggests 
Hemicyon Quarry; F:AM 27283, left partial 
maxillary with P4 broken—Ml and M2 al¬ 
veolus, no locality data; F:AM 27312, right 
partial ramus with p4—m2 and alveolus of 
p3; F:AM 27545, left partial ramus with cl, 
pi and p3 alveoli, p2 broken, and p4—m2. 
Skyline Quarry; F:AM 27546, left partial ra¬ 
mus with p2—p4, ml broken, m2 root, and 
m3 alveolus. Skyline Quarry; F:AM 
27547A, right partial ramus with cl broken, 
p2, ml, and alveoli of pi, p3, p4, and m2. 
Skyline Quarry; F:AM 27547B, right partial 
ramus with p4—ml and roots of pi— p3 and 
m2. Skyline Quarry; F:AM 27550, palate 
with Il-Cl alveoli, P1-M2, and isolated left 
13 (fig. 55C, D), Skyline Quarry; F:AM 
61011, left partial ramus with cl—p2 alveoli, 
p3—ml broken, and m2. Skyline Quarry; F: 
AM 61015, partial mandible with cl and pi 
alveolus—m3 (p3 broken), Skyline Quarry; F: 
AM 67130, left ramal fragment with p4—ml. 
Skyline Quarry; and F:AM 67367, left partial 
ramus with cl broken, p3—ml, associated 
isolated m2 (p2, m2, and m3 alveoli), Sun- 
nyside Quarry. 

Distribution: Early to late Barstovian of 
California. 

Diagnosis: Cynarctus galushai, the basal- 


most species of the genus, shares with C. 
saxatilis through C. crucidens derived char¬ 
acters for the genus: small external auditory 
meatus. Ml transversely narrow, recurved 
cl, and presence of a weak cusp on p4 pos- 
terolingual shelf. C. galushai can be further 
distinguished from Paracynarctus in its 
primitive state of the following characters: 
absence of a widened P4 lingual cingulum 
and lack of anteriorly expanded Ml lingual 
cingulum. No autapomorphic characters are 
recognized for C. galushai. Characters of C. 
galushai that are primitive with respect to C. 
saxatilis through C. crucidens are premolars 
more closely spaced; P4 protocone of mod¬ 
erate size and lingual cingulum weak; Ml 
and M2 labial cingulum strong; ml protos- 
tylid and metastylid weak, metaconid of 
moderate size and low relative to height of 
protoconid; and m2 metaconid moderately 
high, anterolabial cingulum weak, protostylid 
weak, and metastylid weak or absent. 

Description and Comparison: The holo¬ 
type, although severely crushed dorsoven- 
trally, represents the best cranial material 
available. Much of the skull roof is collapsed 
onto the basicranium. Despite this damage, 
the frontal sinus can still be seen to extend 
to the frontal-parietal suture. The nuchal 
crest is fan-shaped in outline, as is in Psali- 
docyon, and the lambdoidal crest is com¬ 
plete. The bullae are not crushed (better pre¬ 
served on the left side) and show a narrow 
opening for the external auditory meatus, as 
is characteristic of Cynarctus. The mandible 
in the holotype is less distorted than is the 
cranium. It has a rather elevated ventral bor¬ 
der of the masseteric fossa (nearly to the lev¬ 
el of the upper border of the horizontal ra¬ 
mus). However, some referred specimens of 
this species (e.g., F:AM 27542, 27546, 
61015) have lower masseteric fossae. There 
is a weak subangular lobe. 

Dental morphology of C. galushai is only 
slightly modified toward the hypocarnivo- 
rous dentition that characterizes the advanced 
species from C. saxatilis and above. Premo¬ 
lars are generally short and lower crowned, 
although not as markedly so as in more de¬ 
rived species such as C. voorhiesi and C. 
crucidens. The Ml begins to show a slightly 
transversely narrowed appearance, but this 
proportional trait is still subtle at this stage 
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(see fig. 53). Similarly, the enlargement of 
the M2 is only in the beginning stage, which 
is more readily observable in the ratio dia¬ 
gram (fig. 53). The metaconule of Ml—M2 is 
slightly enlarged relative to those in Des- 
mocyon matthewi, and the lingual cingulum 
of Ml—M2 is thickened to suggest an initia¬ 
tion of a conate hypocone. 

Besides the slight decrease in size, the 
lower premolars remain largely unmodified 
from those in Desmocyon matthewi. In some 
individuals there is a tiny cusp on the lingual 
base of the principal cusp of the p4. The low¬ 
er molars begin to show the proportions of 
the genus, but only in the most rudimentary 
way: slight widening of ml talonid and elon¬ 
gation of m2—m3. An additional hypocarniv- 
orous character is a small protostylid present 
on the mis of all individuals. 

Discussion: C. galushai represents an ear¬ 
ly stage of hypocarnivorous specializations 
in the Cynarctus clade. Characters indicative 
of membership in this clade include the pres¬ 
ence of a narrow external meatus, a trans¬ 
versely narrowed Ml, a recurved cl, as well 
as less well-defined features such as the oc¬ 
casional occurrence of a small cusp on the 
posteromedial side of the p4 main cusp. 
While these characters in C. galushai permit 
recognition of a cladogenetic event branch¬ 
ing off a mesocarnivorous lineage close to 
Metatomarctus , there remains a rather large 
morphological gap between C. galushai and 
the extremely derived morphology in C. sax- 
atilis through C. crucidens (see further dis¬ 
cussion under C. saxatilis). 

1 Cynarctus marylandica (Berry, 1938) 
Figure 56A. B 

Tomarctus marylandica Berry, 1938: 159, fig. 

68a—d. Downs. 1956: 236. Munthe, 1998: 135. 
Cynarctus marylandica (Berry): Tedford and 

Hunter, 1984:'137. 

Tomarctus kelloggi (Merriam, 1911): Munthe, 

1988: 97. 

Holotype: USNM 15561 (AMNH cast 
48836), left m2 and ml lacking paraconid 
(fig. 56A, B) from 1.25 mi south of Plum 
Point Wharf, Calvert Formation (early Bar- 
stovian), Calvert County, Maryland. 

Referred Specimen: 1.5-2 mi north of 
Parker Creek, Calvert Formation (early Bar- 


stovian), Calvert County, Maryland: USNM 
299471 (AMNH cast 127312), left ramal 
fragment with p4 and alveoli of p3 and ml. 

Distribution: Early Barstovian of Mary¬ 
land. 

Emended Diagnosis: Two autapomorphic 
features that separate this species from other 
Cynarctus are a strong crest on the posterior 
face of protoconid on ml and a strong trans¬ 
verse crest between the entoconid and hy- 
poconid of m2. Primitive characters in com¬ 
mon with C. galushai are unreduced p4, ml 
protostylid very weak and metastylid lack¬ 
ing, and m2 metaconid not enlarged and ap¬ 
proximating protoconid in size, with antero- 
labial cingulum weak, protostylid weak, and 
metastylid absent. 

Description and Comparison: The only 
feature of this species that is indicative of 
Cynarctus is a protostylid on the ml. How¬ 
ever, this protostylid is less developed than 
those in C. galushai , and at such initial stage 
of development it can be found in isolated 
individuals of other medium-size, mesocar¬ 
nivorous borophagines such as Metatomarc¬ 
tus canavus (e.g., F:AM 49197, 99358, 
99359). 

Discussion: Tedford and Hunter (1984: 
137) suggested that the Maryland materials 
may be a primitive member of Cynarctus, 
comparable with early Barstovian species 
elsewhere. The meager materials available 
shroud the true identity of this taxon, which 
is one of only three known borophagine dogs 
from the Miocene of the northeast coast (the 
other two are Paracynarctus kelloggi and 
Metatomarctus canavus). The available ma¬ 
terials do not even permit confident assign¬ 
ment of its generic position, although its 
placement within the medium-size Boro- 
phaginae seems likely. The distinct crest on 
the posterior face of the ml trigonid, how¬ 
ever, is not seen in other borophagines. Such 
peculiarity suggests the distinctness of this 
species, which may prove different in other 
aspects as well when more is known about 
it. 

Cynarctus saxatilis Matthew, 1902 
Figures 56G, H, 57A-D 

Cynarctus saxatilis Matthew, 1902: 281, fig. 1; 

1932: 2. Barbour and Cook, 1914: 225. Evan- 
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Fig. 56. A, Occlusal and B. buccal views of ml-m2, ICynarctus marylandica, USNM 15561, holo- 
type, 1.25 mi south of Plum Point Wharf. Calvert Formation (early Barstovian), Calvert County, Maryland. 
C, Lower teeth and D, ramus (reversed from right side), Cynarctus voorhiesi, F:AM 105094, holotype, 
Lucht Quarry, Burge Member, Valentine Formation (late Barstovian). Brown County, Nebraska. E, Lower 
teeth and F, ramus (reversed from right side), C. voorhiesi, F:AM 49144. Lucht Quarry. G, Lower teeth 
and H, ramus, C. saxatilis, AMNH 9453 (part of the ascending ramus and pi reversed from right side), 
holotype. Cedar Creek, Ogallala Group (late Barstovian), Logan County, Colorado. 
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der. 1986: 28, fig. 4. Voorhies. 1990a: A134; 

1990b: 122. Munthe, 1998: 135. 

Cynarctus crucidens Barbour and Cook, 1914: 

McGrew, 1938a: 329. 

Carpocyon cuspidatus (Thorpe. 1922b): Evander, 

1986': 27, fig. 8C (in part). 

Holotype: AMNH 9453, right and left 
rami with il—i3 alveoli and cl—m3 (p2 al¬ 
veolus) (fig. 56G, H), Cedar Creek, 40 mi 
north of Sterling, Ogallala Group (late Bar- 
stovian), Logan County, Colorado. 

Referred Specimens: Pawnee Creek area, 
Ogallala Group (late Barstovian), Weld or 
Logan County, Colorado: AMNH 6836, left 
isolated ml. 

Norden Bridge Quarry, Niobrara River, 
Cornell Dam Member, Valentine Formation 
(early late Barstovian), Brown County, Ne¬ 
braska (listed by Voorhies, 1990a: A134): 
USNM 352392, right ramus with p4-ml and 
partial m2 alveolus. 

Crookston Bridge Member, Valentine For¬ 
mation (early late Barstovian), Cherry and 
Knox counties, Nebraska: Railway Quarry A 
(UNSM loc. Cr-12): UCMP 29891 (Evander, 
1986: fig. 4), left ramus with i 1—i3 alveoli, 
and cl—m3 (fig. 57A, B); and UNSM 25834, 
right partial maxillary with P3—M2 (referred 
to Carpocyon cuspidatus by Evander, 1986: 
fig. 8C). Stewart Quarry (UNSM loc. Cr- 
150): UNSM 1061-96, left maxillary frag¬ 
ment with Ml—M2. Sand Lizard Quarry 
(UNSM loc. Kx-120): left ramus with p2- 
m2 and m3 alveolus. West Valentine Quarry 
(UNSM loc. Cr-114): UNSM 2685-87, right 
maxillary with P3 broken—M2. 

Devil’s Gulch, upper part of Devil’s Gulch 
Member, 10 ft below the Burge Member, 
Valentine Formation (late Barstovian), 
Brown County, Nebraska: FMNH P25537 
(AMNH cast 97782), rostral part of skull 
with II alveolus—M2 (fig. 57C, D) (referred 
to Cynarctus crucidens by McGrew, 1938a: 
329, fig. 89) and crushed posterior half of 
skull. (The latter is an uncataloged F:AM 
specimen with field data of “Box 152, Elliot 
Quarry, Neb. 1935.” According to the rec¬ 
ollection of M. F. Skinner [personal com- 
mun.], a complete skull was discovered by 
the F:AM field party in the Devil’s Gulch and 
left uncollected for some time. The Field 
Museum field party later collected the front 
half, i.e., FMNH P25537, and the F:AM 


crews got what remained of the skull. The 
morphology, bone preservation and break¬ 
age, and enclosing rock matrix are generally 
consistent with the assumption that the two 
halves belong to a single individual, although 
the field label, “Elliot Quarry,” is not [the 
possibility of mislabeling is likely]. The F: 
AM half skull is now deposited in the 
FMNH.) 

Valentine Formation (late Barstovian), Web¬ 
ster County, Nebraska: Myers Farm (UNSM 
loc. Wt-15A): UNSM 21669, right m2. 

Distribution: Late Barstovian of Colora¬ 
do and Nebraska. 

Emended Diagnosis: Characters of C. sax- 
atilis shared with C. voorhiesi and C. cruci¬ 
dens that are derived with respect to C. gal- 
ushai are premolars anteroposteriorly short 
and more widely spaced, with p2 isolated by 
diastemata; P4 protocone strong; Ml and M2 
labial cingulum weak to absent lateral to 
metacone; Ml hypocone large and well de¬ 
lineated; M2 large with length approximating 
that of Ml; ml with distinct protostylid and 
strong metastylid; m2 protoconid small, ex¬ 
tremely strong metaconid, strong metastylid, 
extremely large anterolabial cingulum, and 
strong protostylid; and m3 with well-devel¬ 
oped metaconid. Primitive characters of C. 
saxatilis relative to those in C. voorhiesi and 
C. crucidens are premolars large and trans¬ 
versely wide; P4 lacking parastyle and lin¬ 
gual cingulum weak; Ml metastyle weak 
with a cingulum surrounding protocone; M2 
not exceeding Ml in length, metacone rela¬ 
tively small and not expanded posteriorly; p4 
posterior cusplet moderate in size; ml tri- 
gonid moderately long relative to length of 
talonid; m2 relatively short; and coronoid 
process of mandible tall and depth of man¬ 
dible below masseteric line shallow. 

Description and Comparison: Nearly a 
century after its first description, specimens 
of C. saxatilis remain rare in museum col¬ 
lections. The holotype is still the best man¬ 
dible available, and the present reference of 
FMNH P25537 to this species permits ob¬ 
servation of the skull and upper teeth. Con¬ 
sistent with cranial characteristics of other 
species of Cynarctus (e.g., galushai and cru¬ 
cidens), the skull of C. saxatilis has a well- 
developed frontal sinus extending to the 
frontal-parietal suture and invading the post- 



1999 


WANG ET AL.: SYSTEMATICS OF BOROPHAGINAE 


121 


orbital processes. The bulla is bulbous and 
has a narrow opening of the external auditory 
meatus. The palate is not narrowed, and the 
infraorbital foramen is not compressed into a 
vertical slit as is in C. crucidens. 

Dentally, C. saxatilis has begun to acquire 
the highly hypocarnivorous characters typi¬ 
cal of later species of the genus. The follow¬ 
ing features first appear in the upper cheek¬ 
teeth of this species: enlargement of P4 pro¬ 
tocone, a distinct hypocone on Ml—M2, 
elongation of M2, and reduction of labial 
cingulum of Ml—M2. Modifications in the 
lower molars are even more dramatic, lead¬ 
ing to an increased grinding area. A distinct 
anterolabial cingulum is formed on the ml, 
and this cingulum similarly becomes a broad 
shelf on the m2 that displaces the trigonid 
far to the lingual side. The trigonid of ml is 
low and short in contrast to a much enlarged 
talonid. Accessory cusps, such as the protos- 
tylid and metastylid, are well developed on 
both ml and m2. The m2 has a high, lin- 
gually positioned metaconid that dominates 
the trigonid, and its protoconid and paraco- 
nid form a low ridge curving anteriorly 
around the metaconid. The m3 has a broad, 
semicircular basin in front of a transverse 
ridge formed by the protoconid and meta¬ 
conid. 

On the other hand, the dental morphology 
of C. saxatilis still shows a certain primitive¬ 
ness relative to C. voorhiesi and C. cruci¬ 
dens. The premolars are not as extremely re¬ 
duced as in the latter two species. The Ml— 
M2 still have a lingual and labial cingulum. 
The M2 hypocone is not posteriorly expand¬ 
ed, and thus the length of the M2 does not 
exceed that of the Ml. The ml trigonid is 
not as greatly reduced as in the more ad¬ 
vanced species, and the ml protostylid is not 
detached from the protocone to form a dis¬ 
crete cusp. 

Discussion: In his study of FMNH 
P25537, Me Grew (1938a: 323) stated that 
the agreement in size and proportion between 
his Field Museum specimen and the holotype 
of C. crucidens is so close that the assign¬ 
ment of this specimen to C. crucidens is 
“practically certain.” Our own observations, 
however, suggest that FMNH P25537 is sig¬ 
nificantly larger than all other specimens as¬ 
signed to C. crucidens, and its dentition oc¬ 


cludes more precisely with the holotype of 
C. saxatilis, which although mentioned by 
McGrew (1938a), was not critically com¬ 
pared. The generally more primitive dental 
morphology of FMNH P25537 lends further 
support to its reference to C. saxatilis. 

Such reference, however, is not without 
problems. Besides the larger size and stron¬ 
ger premolars, the lower molar morphology 
of the holotype of C. saxatilis is very close 
to that of C. crucidens. This is, however, in 
contrast to the more primitive upper molars 
in FMNH P25537, which lacks the extreme 
hypocarnivorous features shown in C. cru¬ 
cidens, such as reduction of upper molar cin¬ 
gulum, elongation of M2, and posterior ex¬ 
pansion of M2 hypocone. Therefore, the pos¬ 
sibility exists that FMNH P25537 may rep¬ 
resent yet another species more primitive 
than C. saxatilis. Until associated upper and 
lower jaws become available, FMNH 
P25537 is best referred to C. saxatilis. 

In C. saxatilis, most of the dental charac¬ 
teristics of advanced species of Cynarctus are 
established. Toward the more primitive side 
of the Cynarctus clade, however, there exists 
a large morphological gap between saxatilis 
and galushai, as reflected by the numerous 
apomorphic characters separating the two 
species (fig. 140). 

Cynarctus voorhiesi, new species 
Figure 56C-F 

Holotype: F:AM 105094, right partial ra¬ 
mus with cl—p2 alveoli, p3—m2, and m3 al¬ 
veolus (fig. 56C, D), Lucht Quarry, Burge 
Member, Valentine Formation (late late Bar- 
stovian). Brown County, Nebraska. 

Etymology: Named for Michael R. Voor- 
hies in recognition of his studies of late Ce- 
nozoic faunas and stratigraphy of Nebraska. 

Referred Specimens: Burge Member, Val¬ 
entine Formation (late late Barstovian), 
Brown and Cherry counties, Nebraska: F: 
AM 49143, left isolated M2, Lucht Quarry, 
Brown County; F:AM 49144, right ramus 
with i 1—i3 alveoli, cl, pi—p2 alveoli, p3—p4, 
and ml—m3 all alveoli (fig. 56E, F), Lucht 
Quarry, Brown County; F:AM 49151, right 
partial ramus with i 1—i3 alveoli, cl broken, 
pi root—ml, and m2—m3 alveoli, June Quar¬ 
ry, Brown County; F:AM 49152, left partial 



122 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


NO. 243 




1999 


WANG ET AL.: SYSTEMATICS OF BOROPHAGINAE 


123 



Fig. 58. Cynarctus crucidens. A, Lateral view of partial skull, B, upper teeth, C, lower teeth, and D, ramus, F:AM 49172 (C and D reversed 
from right side). Medicine Creek, Cap Rock Member, Ash Hollow Formation (early Clarendonian), Cherry County, Nebraska. E, Lateral and F, 
occlusal views of upper teeth, G, lower teeth, and H, ramus, F:AM 49312, Quarry 6, Clarendon Beds (early Clarendonian), Donley County, 
Texas. I, Lower teeth and J, ramus, F:AM 49146, Bear Creek Quarry, Merritt Dam Member, Ash Hollow Formation (late Clarendonian), Cherry 
County, Nebraska. 
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ramus with pi alveolus, p2 broken—m2, and 
m3 alveolus, June Quarry, Brown County; F: 
AM 49153, right partial ramus with il—p2 
alveoli and p3—m2 all broken, 300 yd south 
of Lucht Quarry; and F:AM 105093, right 
ramal fragment with cl—p2 alveoli, p3—p4, 
and ml alveolus, Midway Quarry, Cherry 
County. 

Distribution: Late late Barstovian of Ne¬ 
braska. 

Diagnosis: C. voorhiesi is derived with re¬ 
spect to C. saxatilis in having a smaller size; 
premolars more widely spaced, smaller, and 
transversely narrower; p3—p4 posterior ac¬ 
cessory cusplets weaker; ml trigonid, espe¬ 
cially the paraconid, shorter relative to length 
of talonid; and m2 more elongate relative to 
ml. The above derived characters of C. voor¬ 
hiesi are shared with C. crucidens. Primitive 
characters in contrast to C. crucidens are cor- 
onoid process tall, more robust horizontal ra¬ 
mus, less posteriorly expanded M2 hypo- 
cone, and broader and larger premolars. 

Description and Comparison: Specimens 
of C. voorhiesi are limited to a few ramal 
fragments and an isolated M2. This new spe¬ 
cies from the latest Barstovian is transitional 
between the late Barstovian C. saxatilis and 
Clarendonian C. crucidens in its intermediate 
status in size, reductions of premolars, and 
enlargement of molars. Thus, C. voorhiesi 
still has a rather robust horizontal ramus in¬ 
stead of the slender ramus in C. crucidens. 
On average, dental measurements are 13% 
larger than those of C. crucidens but 13% 
smaller than those of C. saxatilis (appendix 
III). The premolars are more reduced and 
narrower than in C. saxatilis but are still larg¬ 
er than in C. crucidens. The M2 is close to 
the stage of evolution in C. crucidens except 
for the slightly less posteriorly expanded hy- 
pocone. Lower molars of all specimens are 
heavily worn. The proportions of different 
parts, however, are still readily observable. 
Most mis are larger than those of C. cruci¬ 
dens and have relatively longer trigonids. 

Discussion: Although poorly represented 
by fragmentary materials, C. voorhiesi fills a 
morphological gap between C. saxatilis and 
C. crucidens. It is almost exactly intermedi¬ 
ate, both in size and shape, between the latter 
two species. Stratigraphically, C. voorhiesi 
(Burge Member of Valentine Formation) is 


also intermediate between the occurrences of 
C. saxatilis (Devil’s Gulch and Crookston 
Bridge members of Valentine Formation) and 
C. crucidens (mostly Ash Hollow Formation 
or equivalent strata), and there is no known 
overlap in their occurrences in Nebraska 
(fossil records in other states are too poor to 
see any pattern). These morphological and 
stratigraphic intermediacies, coupled with the 
lack of any apparent autapomorphies in C. 
voorhiesi, suggest an anagenetic lineage in 
the advanced Cynarctus. 

Cynarctus crucidens 
Barbour and Cook, 1914 
Figures 57E-H, 58 

Cynarctus crucidens Barbour and Cook, 1914: 

225, pi. 1, figs, a, b. Matthew, 1932: 2. Munthe, 

1998: 135. 

Cynarctus fortidens Hall and Dalquest, 1962: 137, 
'figs. 1, 2. Munthe, 1998: 135. 

Holotype: UNSM 25465 (AMNH cast 
14307), right partial ramus with i 1—i3 alve¬ 
oli, cl broken, and pi alveolus—m3 (fig. 57G, 
H) from Williams Canyon (or Quinn Can¬ 
yon), tributary of Plum Creek, level equiva¬ 
lent to Clayton Quarry, Cap Rock Member, 
Ash Hollow Formation (early Clarendonian), 
Brown County, Nebraska (M. F. Skinner, per¬ 
sonal commun.). 

Referred Specimens: Cap Rock Member, 
Ash Hollow Formation (early Clarendonian), 
Antelope, Cherry, and Brown counties, Ne¬ 
braska: Clayton Quarry: F:AM 49148, right 
isolated ml. East Clayton Quarry: F:AM 
49150, right and left mis; F:AM 49170, right 
ramal fragment with i 1—i3 alveoli, cl root, 
and pl-p4 all alveoli; and F:AM 49174, right 
isolated M2. Medicine Creek, south side of 
Niobrara River: F:AM 49172, anterior part 
of skull with I1-M2 (fig. 58A-D), basicran- 
ium with bulla, right ramus with i2—m3, first 
five cervical vertebrae, both partial scapulae, 
right partial humerus, both radii and ulnae 
with distal epiphyses missing, and both par¬ 
tial tibiae. Poison Ivy Quarry (UNSM loc. 
Ap-116): UNSM 2000-78, anterior partial 
skull with II—M2; and UNSM PI1597, left 
ramal fragment with il—p3. 

Merritt Dam Member, Ash Hollow For¬ 
mation (late Clarendonian), Cherry County, 
Nebraska: F:AM 25142, right partial ramus 
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with ml and alveoli for p3—p4 and m2—m3, 
Kat Quarry; F:AM 49145, left premaxillary 
maxillary with 11—13 alveoli. Cl, and PI al¬ 
veolus—M2, Bear Creek Quarry; F:AM 
49146, left partial ramus with pi—p2 alveoli, 
p3—m2, and m3 alveolus (fig. 581, J), Bear 
Creek Quarry; F:AM 49147, right partial ra¬ 
mus with cl, pi—p2 alveoli, p3—ml, and m2— 
m3 alveoli. Bear Creek Quarry; and F:AM 
105092, left isolated ml, Gallup Gulch Quar¬ 
ry. 

Hollow Horn Bear Quarry, undifferentiat¬ 
ed beds of the Ogallala Group, temporally 
equivalent to the Cap Rock Member of the 
Ash Hollow Formation (early Clarendonian), 
Todd County, South Dakota: F:AM 49401, 
right partial maxillary with M1-M2; F:AM 
49402, right partial maxillary with P4-M1 
alveoli and M2; F:AM 49403A, left isolated 
Ml; F:AM 49403B, left isolated Ml; F:AM 
49403C, left isolated Ml; F:AM 49403D, 
left isolated Ml; F:AM 49403E, left isolated 
Ml; F:AM 49404, right ramus with i 1—i3 al¬ 
veoli and cl-m3; F:AM 49405, left ramus 
with i 1—i3 alveoli and cl-m3; F:AM 49406, 
left partial ramus with i 1—i3 alveoli, cl bro¬ 
ken, pi alveolus, p2—p3, p4 alveolus, ml— 
m2, and alveolus of m3; F:AM 49407, left 
isolated M2; F:AM 49408, right isolated Ml; 
F:AM 49409, left isolated ml; F:AM 49419, 
left isolated ml; F:AM 49419A, left isolated 
M2; F:AM 49419B, left isolated P4; F:AM 
49420, right broken isolated ml; F:AM 
105091, left isolated ml; and F:AM 
105091A, right isolated ml. 

Kilpatrick Quarry (= Quarry 7), Laucom- 
er Member, Snake Creek Formation (early 
Clarendonian), Sioux County, Nebraska: 
AMNH 22405, left isolated ml. 

Clarendon Beds (early Clarendonian), 
Donley County, Texas: F:AM 49302, left im¬ 
mature maxillary fragment with dP3 broken— 
dP4, MacAdams Quarry; F:AM 49303, left 
premaxillary fragment with 11 alveolus—13, 
detached teeth including canines and right 
M1-M2, Quarry 2, Lewis Place, Spade Flats; 
F:AM 49304, right isolated Ml, MacAdams 
Quarry; F:AM 49305, right maxillary frag¬ 
ment with Ml—M2, MacAdams Quarry; F: 
AM 49306, right and left rami with il alve¬ 
olus—m2 and m3 alveolus, MacAdams Quar¬ 
ry; F:AM 49307, right partial ramus with p3 
alveolus—m2 and m3 alveolus (fig. 57E, F), 


MacAdams Quarry; F:AM 49308, left partial 
ramus with il—p3 alveoli, p4—m2, and m3 
alveolus, MacAdams Quarry; F:AM 49309, 
left partial ramus with p2—p4 alveoli, ml 
broken—m2, and m3 alveolus, MacAdams 
Quarry; F:AM 49310, left partial ramus with 
pi—p3 all broken, p4—m2 (ml broken), 
MacAdams Quarry; F:AM 49311, right iso¬ 
lated Ml, Quarry 1 of Gidley; F:AM^49312, 
articulated crushed partial skull with 13 
erupting. Cl—PI both broken, P3—M2, lower 
jaws with cl broken—m3 (fig. 58E—H), partial 
left and right humeri articulated with incom¬ 
plete radius and ulna, and partial pelvis ar¬ 
ticulated with femur and partial tibia. White 
Fish Creek, Quarry 6; F:AM 49313, left ra- 
mal fragment with cl, pi—p3 alveoli, p4, and 
ml alveolus—m2, MacAdams Quarry; F:AM 
70768, crushed immature skull with dCl, PI 
alveolus, and dP2-dP4, MacAdams Quarry; 
F:AM 105089, right ramal fragments with p3 
broken—p4 and detached broken ml and m2, 
MacAdams Quarry, 10 mi north of Claren¬ 
don; F:AM 105090, left partial ramus with 
cl broken and pi alveolus—m3 (p4 broken), 
MacAdams Quarry; KUVP 11353 (holotype, 
Cynarctus fortidens Hall and Dalquest, 1962: 
fig. 1), right maxillary fragment with P3—Ml, 
in “bluff on west side of Turkey Creek, ap¬ 
proximately 75 ft above stream, Raymond 
Farr Ranch” (Hall and Dalquest, 1962: 137); 
and KUVP 11354 (Hall and Dalquest, 1962: 
fig. 2), right ramal fragment with m2, same 
locality as above. 

Highway Pit, 0.75 mi north of Lipscomb, 
Ogallala Group (Clarendonian), Lipscomb 
County, Texas: F:AM 105088, left ramal 
fragment with m2. 

Distribution: Early Clarendonian of Ne¬ 
braska, South Dakota, and Texas; late Clar¬ 
endonian of Nebraska; and Clarendonian of 
Texas. 

Emended Diagnosis: Unique or further de¬ 
velopment of derived characters that distin¬ 
guish Cynarctus crucidens from all other 
species are PI—P2 and pi—p2 small and nar¬ 
row and isolated by longer diastemata; P4 
parastyle; Ml strong metastyle, labial cin¬ 
gulum at metacone lacking; M2 anteropos- 
teriorly elongate and exceeding Ml length, 
hypocone large and posteriorly situated, me¬ 
tastyle well developed, and strong posterior 
cingulum; p4 with large, low posterior ac- 
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cessory cusplet; ml trigonid extremely short 
and narrow relative to length and width of 
talonid; m2 entoconid and hypoconid strong, 
conical cusps; coronoid process of mandible 
low; and horizontal ramus slender and depth 
of mandible below masseteric line deep (el¬ 
evated lower border of the masseteric fossa). 

Description and Comparison: The cranial 
morphology of C. crucidens is still incom¬ 
pletely known. Skull fragments of F:AM 
49172 show that the maxillary region of the 
palate is narrowed compared to C. saxatilis, 
whereas the anterior tip of the palate is not. 
This narrowing of the cheek region also 
causes a compression of the infraorbital ca¬ 
nal, which becomes slitlike in cross-section 
rather than more open as in C. saxatilis and 
more primitive taxa. The basicranial frag¬ 
ment in F:AM 49172 has a well-preserved 
bulla, which is very bulbous and has a very 
narrow opening for the external auditory me¬ 
atus. In the mandible the lower border of 
masseteric fossa is elevated to the level of 
the base of lower molars, and the coronoid 
crest is relatively low. 

As the terminal species of the Cynarctus 
clade, C. crucidens possesses the most hy- 
pocarnivorous dental features of all species. 
The upper and lower incisors are highly cus¬ 
pidate, together forming a comblike struc¬ 
ture. In addition to more prominent devel¬ 
opments of individual cusps, the 13 has add¬ 
ed another small accessory cusp on the lat¬ 
eral ridge, totaling two lateral accessory 
cusps instead of one, as in C. saxatilis. Cor¬ 
respondingly, the i3 has an additional cusplet 
between the lateral and central cusps. These 
multicuspid incisors form a longer transverse 
blade and together they occupy a broader an¬ 
terior tip of the snout. The upper and lower 
premolars (except P4) are widely spaced 
from each other and are considerably re¬ 
duced compared to those of C. saxatilis, C. 
voorhiesi, and other cynarctines. Advanced 
features of the P4 include a distinct parastyle 
and a wider lingual cingulum (especially 
prominent in F:AM 49145). Advancement of 
the Ml, relative to that in C. saxatilis, is 
mainly in the reduction of the cingula: both 
the lingual cingulum surrounding the proto¬ 
cone and the labial cingulum are lost or ex¬ 
tremely reduced. The M2 is greatly expanded 
posteriorly due to enlargement of the hypo- 


cone, slightly more so than in C. voorhiesi, 
such that its outline is anteroposteriorly elon¬ 
gated, compared to the more or less quadrate 
M2 in C. saxatilis. Besides the much smaller 
size and more reduced premolars, the lower 
cheekteeth of C. crucidens are quite similar 
to those of C. saxatilis and C. voorhiesi in 
both proportions and cusp morphologies. 

Discussion: Hall and Dalquest’s (1962) 
contrast of their C. fortidens with C. cruci¬ 
dens was apparently based on FMNH 
P25537 (a partial skull), which was referred 
to C. crucidens by McGrew (1938a: 330) but 
is presently assigned to C. saxatilis (see fur¬ 
ther comments under that species). There¬ 
fore, the few diagnostic characters cited by 
Hall and Dalquest are differences between 
their C. fortidens and C. saxatilis (contrary 
to Hall and Dalquest [1962: 138], however, 
the holotype of C. fortidens is smaller, not 
larger, than FMNH P25537). A larger sample 
of the Clarendon materials is now available 
in the Frick Collection, and they show un¬ 
ambiguously the characteristics of C. cruci¬ 
dens, which has seniority over C. fortidens. 

There is a tendency toward decreasing size 
from earlier species of Cynarctus (such as 
saxatilis and galushai ) to the terminal spe¬ 
cies crucidens. Superposed on this overall 
size reduction is the reduction of the pre¬ 
molars, which may help explain the rather 
large coefficients of variance in most mea¬ 
surements of the premolars in C. crucidens 
(appendix III), especially for the upper pre¬ 
molars. 

Metatomarctus, new genus 

Type Species: Cynodesmus canavus Simp¬ 
son, 1932. 

Etymology: Greek: meta, between; in al¬ 
lusion to the intermediate position of this ge¬ 
nus between Tomarctus and the more prim¬ 
itive borophagines. 

Included Species: Metatomarctus canavus 
(Simpson, 1932), Metatomarctus sp. A, and 
Metatomarctus sp. B. 

Distribution: Early Hemingfordian of Ne¬ 
braska, New Mexico, Florida, and Delaware; 
late Hemingfordian of Wyoming and Cali¬ 
fornia; and early Barstovian of Nevada. 

Diagnosis: Derived characters that distin¬ 
guish Metatomarctus and higher taxa from 
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Desmocyon matthewi are 13 with one lateral 
accessory cusplet (shared with the Cynarcti- 
na) and initial development of an anterior 
crest on the P4. Metatomarctus is primitive 
with respect to Euoplocyon, Psalidocyon, 
and higher taxa in its less elaborate 13 with 
a single accessory cusp. In contrast to the 
Cynarctina clade, Metatomarctus lacks such 
derived characters as subangular lobe of the 
mandible, high mandibular condyle, reduced 
premolars, shortened P4, small protostylid of 
ml, wide ml talonid, and elongated m2. 

Metatomarctus canavus (Simpson, 1932) 
Figure 59 

Cynodesmus canavus Simpson. 1932: 19, fig. 4. 
White, 1941b: 91. 

Tomarctus thomasi White, 1941b: 94, pi. 14, fig. 

3; 1942: 8, pi. 7, fig. 1. Downs, 1956: 236. 
Tomarctus canavus (Simpson): White, 1942: 8, 
pi. 2, fig. 2, pi. 6, figs. 1-3; 1947: 502. Olsen, 
1956a: 2, figs. 1, 4. Downs, 1956: 236. Wang, 
1994: 125. Munthe, 1998: 135. 

Nothocyon insularis White, 1942: 7, pi. 1, fig. 3; 
1947: 502, fig. 2. 

Tomarctus kelloggi (Merriam, 1911): Munthe, 
1988: 91 (in part). 

Tomarctus sp. Reynolds et al., 1995: 108. 
Tomarctus cf. T. canavus (Simpson): Emry and 
Eshelman. 1998: 160, fig. 2N-P. 

Holotype: UF V-5260, right partial ramus 
with p2, p3 alveolus, p4— m2, m3 alveolus 
(fig. 59A, B), from Thomas Farm Local Fau¬ 
na, Hawthorn Formation (late early Heming- 
fordian), Gilchrist County, Florida. 

Referred Specimens: Thomas Farm Local 
Fauna, Hawthorn Formation (late early Hem- 
ingfordian), Gilchrist County, Florida: 
AMNH 27674, partial left ramus with p2-p3 
alveoli, p4—ml, and m2 alveolus; AMNH 
27674A, isolated right ml; MCZ 3628 
(AMNH cast 129643), partial skull with P4- 
Ml, partial right ramus with cl—pi alveoli, 
p2 broken, p3—m2, and m3 alveolus (White, 
1942: pi. 6; Olsen, 1956a: fig. 1); MCZ 3641, 
Ml; MCZ 3673, maxillary with P4-M1; 
MCZ 3674, maxillary with P4-M1; MCZ 
3682 (AMNH cast 129681) (holotype of To¬ 
marctus thomasi White, 1941b), partial left 
maxillary with P4—M2; MCZ 3712 (White, 
1942: pi. 7), partial right ramus with cl—pi 
alveoli, p2—m2, and m3 alveolus; MCZ 
3713, ramus with p2 and p4— m2; MCZ 3728, 


maxillary with P2-M2; MCZ 3812 (AMNH 
cast 129682) (holotype of Nothocyon insu¬ 
laris White, 1942), partial right maxillary 
with P4 broken—M2; MCZ 3813 (White, 
1942: pi. 2, fig. 2), left maxillary with P2, 
P3 alveolus, P4-M1, and M2 alveolus; MCZ 
3924, ramus with p4-ml; MCZ 4242 
(White, 1947: fig. 2D, E), partial right ramus 
with cl—pi alveoli, p2—ml, and m2—m3 al¬ 
veoli; MCZ 4334, ramus with p2-m2; MCZ 
4507, ramus with ml; MCZ 5814, ramus 
with ml; MCZ 7146, maxillary with P4-M1; 
MCZ 7147, ramus with p4-ml; MCZ 7148, 
ramus with ml—m2; MCZ 7307, ramus with 
p2—ml; MCZ 7308, ramus with p4-m2; 
SDSM 525 (formerly MCZ 3967), right par¬ 
tial ramus with p2, p3 alveolus, and p4— m2; 
UF 926, right Ml; UF 927, left broken Ml; 
UF 3532, right ramus with cl—m2 alveoli; 
UF 17652, left Ml; UF 17654, left ml; UF 
17655, left P4; UF 19781, right ramus with 
cl—m3 alveoli; UF 19788, right immature ra¬ 
mus with cl erupting, dp4 broken, and ml— 
m2 erupting; UF 19795, right ramus with 
p2—p4 alveoli, ml—m2, and m3 alveolus; UF 
19952, right ramus with p2—p3 alveoli, p4— 
ml, and m2 alveolus; UF 58957, left max¬ 
illary fragment with P4-M2; UF 59089, left 
and right maxillary fragments with P4 bro- 
ken-M2; UF 60527, left ramus fragment 
with p2-p4 (p3 broken); UF 66925, right ra- 
mal fragment with pi—p3 alveoli and p4; UF 
94786, right ml; UF 94854, right ramal frag¬ 
ment with m2; UF 94855, left maxillary with 
P1-P3 alveoli and P4-M2; UF 94856, right 
ml; UF 94857, left ramus with cl-p3 alve¬ 
oli, p4, ml alveolus, m2, and m3 alveolus; 
UF 94858, left Ml; UF 94859, left P2; UF 
94860, left M2; UF 94861, right P3; UF 
94862, talonid of right ml; UF 94866, right 
ramus with p3 alveolus, and p4—m2; UF 
94868, right ramus with cl—p3 alveoli, p4— 
m2, and m3 alveolus; UF 94869, left im¬ 
mature ramus with cl and p2—p4 erupting 
and dp3; UF 94870, left M2; UF 94873, left 
m2; UF 94875, right ramal fragment with p4; 
UF 94886, left P4; UF 94887, left broken 
Ml; UF 94888, right Ml; UF 94889, right 
p4; UF 94891, right ramal fragment with p2, 
p3 alveolus, and p4 broken; UF 94899, left 
Ml; UF 95001, broken left ml; UF 95002, 
talonid of left ml; UF 95003, talonid of left 
ml; UF 154100, right ramus with cl—pi al- 
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veoli, p2, p3 alveolus, and p4—ml; UF 
165879, left ramus with pi—p2, p3 alveolus, 
p4-ml, and m2-m3 alveoli; UF V-5653, left 
and right maxillae with PI alveolus, P2, P3 
alveolus, and P4-M2; UF V-5658 (AMNH 
cast 48841), isolated right ml; UF V-5668, 
right Ml; UF V-5669, right M2; UF V-5670, 
right P4; UF V-5707, partial crushed skull 
with C1-P3 alveoli and P4-M2; UF V-5766 
(AMNH cast 48837), partial right maxillary 
with P4-M2; UF V-5767 (AMNH cast 
48832), partial right ramus with pi—m2 and 
m3 alveolus; UF V-6266, partial right ramus 
with pi—p2 alveoli and p3 broken—p4; UF V- 
6267, right ramal fragment with i 1—p3 alve¬ 
oli and p4; UF V-6282, partial right ramus 
with p4— ml all broken and m2 alveolus; UF 
V-6283, right ramal fragment with m2; UF 
V-6284, left ramal fragment with pi—p2 al¬ 
veoli and p3; UF V-6288, left ramal fragment 
with m2 and m3 alveolus; UF V-6331, right 
ramus with pi—ml alveoli, m2, and m3 al¬ 
veolus; UF V-8946, right Ml; UF V-9162, 
left ramal fragment with p4; UF V-9173, bro¬ 
ken left Ml; UF V-9174, left Ml. 

Pollack Farm Site (Delaware Geological 
Survey locality Id 11-a), lower shell bed of 
Cheswold sands, lower Calvert Formation 
(late early Hemingfordian), near Cheswold, 
Delaware: USNM 475817, isolated right ml 
(referred to Tomarctus cf. T. canavus by 
Emry and Eshelman, 1998: fig. 20, P); and 
USNM 475930, isolated left m2 (referred to 
Tomarctus cf. T. canavus by Emry and Esh¬ 
elman, 1998: fig. 2N). 

Jeep Quarry or Jeep Quarry horizon, Ar¬ 
royo Pueblo drainage, upper part of Chamisa 
Mesa Member, Zia Formation (early Hem¬ 
ingfordian), Sandoval County, New Mexico: 
F:AM 50139A, left ramal fragment with bro¬ 
ken cl, pi alveolus, and broken p2; and F: 
AM 50141, right ramal fragment with cl—ml 
all broken, and isolated m3. 

Hemingford Area, upper part of the Run- 
ningwater Formation (late early Hemingfor¬ 
dian), Box Butte, Cherry, and Dawes coun¬ 
ties, Nebraska: UNSM 25597, left partial ra¬ 
mus with pi—p2 alveoli and p3—ml, UNSM 
loc. Bx-7; UNSM 25600, partial right ramus 
with pi alveolus—m2 and m3 alveolus, 
UNSM loc. Bx-7B; UNSM 25601, right ra¬ 
mus with cl, pi—p3 alveoli, p4—ml, and ml— 
m2 alveoli, UNSM loc. Bx-7; UNSM 25602, 


right ramus with cl alveolus—m2 and m3 al¬ 
veolus, UNSM loc. Bx-7B; UNSM 25605, 
right partial maxillary with P4—Ml and M2 
alveolus, UNSM loc. Bx-9; UNSM 25609, 
left partial ramus with pi alveolus—ml and 
m2—m3 alveoli (fig. 59S, T), UNSM loc. Bx- 
7; UNSM 25613, right partial ramus with p3 
alveolus, p4—ml both broken, and m2, 
UNSM loc. Bx-7; UNSM 25614, left partial 
ramus with ml, Bx-12; UNSM 25616 (F:AM 
cast 97102), right partial ramus with pi al- 
veolus—m2, UNSM loc. Bx-7; UNSM 25620, 
right partial maxillary with P4 broken—M2, 
UNSM loc. Bx-7; UNSM 25621, partial left 
ramus with cl broken—m2 and m3 alveolus, 
UNSM loc. Bx-7B; UNSM 25623, right ra¬ 
mal fragment with ml broken and m2—m3, 
Hemingford Quarry 11A (UNSM loc. Bx- 
11); UNSM 25626, partial right ramus with 
pi alveolus—m2, UNSM loc. Bx-22; UNSM 
25635, left ramus with i 1—i3 alveoli, cl, pi 
alveolus, p2—p4, and ml—m3 alveoli, UNSM 
loc. Bx-7; UNSM 25640, partial left maxil¬ 
lary with P3 alveolus-M2, UNSM loc. Bx- 
12; UNSM 25653, right maxillary with P2 
broken—M2, UNSM^ loc. Bx-7; UNSM 
25654, right partial ramus with p4— ml and 
m2 root, \jNSM loc. Bx-7; UNSM 25655, 
right and left partial maxillary with PI al- 
veolus—M2, UNSM loc. Bx-12; UNSM 
25658 (AMNH cast 107922), left ramus with 
cl—pi alveoli, p2—ml, and m2 broken—m3 
alveolus (fig. 59Q, R), UNSM loc. Bx-7; 
UNSM 25660, partial ramus with pl-m3 al¬ 
veolus, UNSM loc. Bx-7; UNSM 25662 
(AMNH cast 107923), partial skull with Cl 
root—M2 (PI alveolus) (fig. 59P), UNSM loc. 
Bx-51; UNSM 25669, left partial ramus with 
p3—ml, UNSM loc. Bx-27; UNSM 25813, 
left partial maxillary with P3 broken—M2 and 
left partial ramus with p2—m3 (p4 broken), 
near Nonpareil Sand Pit; UNSM 25814, right 
partial ramus with p3—m2, UNSM loc. Bx- 
7B; UNSM 25815, left partial ramus with 
cl—pi broken, p2—p4, and ml broken, 
UNSM loc. Bx-7B; UNSM 25816, partial 
right ramus with il alveolus—ml, UNSM loc. 
Bx-7B; UNSM 25817, right partial ramus 
with p4—m2, UNSM loc.^Bx-12D; UNSM 
25818, left partial ramus with cl, pi alveo¬ 
lus—ml broken, and m2 alveolus, no locality 
data; UNSM 25827 (AMNH cast 124024), 
right partial ramus with p4 root—m2 and m3 
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alveolus, UNSM loc. Cr-101; and UNSM 
26159, right partial ramus with cl, pi—p3 al¬ 
veoli, p4, ml—m2 both broken, and m3 al¬ 
veolus, no data, Dawes County. 

Clinton Highway Locality (UNSM loc. 
Sh-IOIB), Runningwater Formation (early 
Hemingfordian), Sheridan County, Nebraska: 
UNSM 5008-70, partial left and right max¬ 
illary with I2-M2. 

Dry Creek Prospect B, Runningwater For¬ 
mation (early Hemingfordian), Box Butte 
County, Nebraska: F:AM 99353, left isolated 
m2; F:AM 99354, right isolated p4; F:AM 
99355, left isolated p4; F:AM 99356, right 
ramal fragment with p4; F:AM 99357, left 
partial ramus with pi alveolus—p4 and ml 
broken; F:AM 99358, left ramus with i 1—i3 
alveoli, cl, pi alveolus—m2, and m3 alveo¬ 
lus; and F:AM 99359, left ramus with i 1—i3 
alveoli, cl, pi alveolus—m2, and m3 alveo¬ 
lus. 

Other localities in the Runningwater For¬ 
mation (early Hemingfordian), Dawes Coun¬ 
ty, Nebraska: F:AM 25419, right partial ra¬ 
mus with p2 alveolus, p3—p2, and m3 alve¬ 
olus, Ahren Prospect, Cottonwood Creek; F: 
AM 49197, partial adolescent skull with 12- 
P3 all erupting, dP4, P4 erupting, both partial 
rami with p3—p4 erupting, ml—m2, and m3 
erupting (fig. 59C—F) and postcranial frag¬ 
ments, Elder Ranch, Cottonwood Creek; F: 
AM 49198, premaxillary and partial maxil¬ 
lary with II alveolus, 12—PI, p2 alveolus, and 
P4-M2, Pepper Creek; F:AM 49199, left ra¬ 
mus with cl—m3 (fig. 59G, H), both partial 
humeri (fig. 59K), right radius (fig. 59J), 
both ulnae (fig. 591), metacarpal III (fig. 
59M), partial pelvis, partial right femur, dis¬ 
tal ends of both tibiae (fig. 59N, O), calca- 
neum (fig. 59L), broken astragalus, and ver¬ 
tebrae, Pebble Creek; F:AM 104694, right 
partial ramus with cl broken, pi alveolus, 
p2—p3, ml, and m2—m3 alveoli, NW14, sect. 
36, T30N, R49W; and F:AM 104700, right 
and left partial rami with cl broken, pi al¬ 
veolus, and p2—p4. Sand Canyon Region. 

Two mi west of Pole Creek, Runningwater 
Formation (early Hemingfordian), Cherry 
County, Nebraska: F:AM 61313, right partial 
ramus with il—pi alveoli, p2—m2 (ml bro¬ 
ken), and m3 alveolus; and F:AM 61314, 
right partial ramus with p4—ml. 

Bridgeport Quarries, Runningwater For¬ 


mation (early Hemingfordian), Morrill Coun¬ 
ty, Nebraska: UNSM loc. Mo-113: UNSM 
25713, left ramal fragment with ml—m2 and 
m3 alveolus; UNSM 25800, right maxillary 
with P3 alveolus—Ml and M2 alveolus; 
UNSM 25802, left maxillary with C1-P3 al¬ 
veoli and P4 broken-M2; UNSM 25803, 
right maxillary with P4-M1; UNSM 25804, 
left ramus with cl, pi alveolus, p2—ml all 
broken, and m2-m3 alveoli; UNSM 25805, 
right ramus with p2—m2 and m3 alveolus; 
UNSM 25835, right ramal fragment with ml 
broken and m2-m3 alveoli; UNSM 25-6-7- 
34-SP, right maxillary with P3 broken-M2; 
UNSM 37-6-7-34-SP, right Ml; and UNSM 
24-6-7-34-SP, left maxillary fragment with 
Ml—M2. UNSM loc. Mo-114: UNSM 
25735, left ramus with pi—ml all broken and 
m2. UNSM loc. Mo-116: UNSM 25734, 
right ramus with cl—p3 alveoli, p4—ml bro¬ 
ken, and m2 alveolus. 

Split Rock Formation (late Hemingfordi¬ 
an), Fremont County, Wyoming: UW 926, 
partial skull and mandible with complete 
dentition (referred to Tomcirctus kelloggi by 
Munthe, 1988), Rattlesnake Hills, UW loc. 
50001. 

Hackberry Local Fauna (late Hemingfor¬ 
dian), Lanfair Valley, eastern Mohave, Cali¬ 
fornia: AMNH 129879 (cast of San Bernar¬ 
dino County Museum collection), left ramus 
with i2-cl and p2—m2 (referred to Tomarc- 
tus sp. by Reynolds et al., 1995). 

Distribution: Early Hemingfordian of Ne¬ 
braska, New Mexico, Florida, and Delaware; 
and late Hemingfordian of Wyoming and 
California. 

Emended Diagnosis: Only known species 
and its characters are those listed for the ge¬ 
nus. 

Description and Comparison: Despite the 
large number of referred specimens, our 
knowledge of Metatomarctus canavus is still 
mostly limited to teeth and jaws. M. canavus 
is significantly larger than the contempora¬ 
neous Desmocyon matthewi, with dental 
measurements on average 23% larger. In M. 
canavus, a lateral cusplet is present on the 
13. Another derived character first appearing 
in M. canavus is a more distinct anterior crest 
on the paracone on P4 than those seen in 
most D. matthewi, initiating a trend toward 
a distinct parastyle in later taxa. This initial 
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Fig. 59. Metatomarctus canavus. A, Lower teeth and B, ramus (reversed from right side), UF V- 
5260, holotype. Thomas Farm Local Fauna. Hawthorn Formation (early Hemingfordian), Gilchrist Coun¬ 
ty, Florida. C, Lateral view of partial skull, D, upper teeth, E, lower teeth, and F, ramus, F:AM 49197, 
Elder Ranch, Runningwater Formation (early Hemingfordian), Dawes County, Nebraska. G, Lower teeth, 
H, ramus, I, ulna, J. radius, K, partial humerus, L, calcaneum, M, metacarpal III. and N, anterior and 
O, distal views of distal tibia, F:AM 49199 (J, K, L, N and O reversed from right side). Pebble Creek, 
Runningwater Formation. P. Upper teeth, UNSM 25662, Hemingford Area, Runningwater Formation. 
Q, Lower teeth and R, ramus, UNSM 25658, Hemingford Quarry, Runningwater Formation. S, Lower 
teeth and T. ramus, UNSM 25609, Hemingford Quarry, Runningwater Formation. The longer (lower) 
scale is for A, D, E, G, P, Q, and S, and the shorter (upper) scale is for the rest. 
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development of a parastyle varies from a 
rather distinct parastyle in UNSM 25662 (fig. 
59P) to a weak anterior crest in F:AM 49198. 
The crest leading to the protocone and lin¬ 
gual to the anterior crest is also distinct. 

Compared to Euoplocyon and later taxa, 
Metatomarctus canavus is primitive in its 
less elaborate 13 lateral accessory cusplet 
(i.e., one cusplet vs. two or more in Euoplo¬ 
cyon and others). Compared to the cynarctine 
clade, on the other hand, M. canavus has a 
primitively undeveloped subangular lobe, 
low mandibular condyle, unshortened P4, no 
protostylid on ml, and a normally propor¬ 
tioned m2 that is not elongated. 

Specimens from the early Hemingfordian 
of New Mexico are too poorly preserved to 
be certain about their identity. The size and 
morphology of F:AM 50141 is in general 
agreement with the type series from Florida. 

Discussion: Six nominal species had been 
proposed for the median-size canids from the 
Thomas Farm local fauna, not counting other 
carnivorans such as amphicyonids. The last 
synthesis of Thomas Farm canids was by Ol¬ 
sen (1956a), who recognized only two spe¬ 
cies: “ Cynodesmus ” iamonensis Sellards 
(see Wang, 1994: 120) and “ Tomarctus ” 
canavus. We agree with Olsen’s assessment, 
and the contrasting characters listed by him 
underline some of the fundamental differenc¬ 
es between hesperocyonine and borophagine 
canids, such as the presence in M. canavus 
of a distinct metaconule and a broader lin¬ 
gual cingulum on Ml, as well as a transverse 
crest between the hypoconid and entoconid 
of ml. Furthermore, the premolars of M. 
canavus have more distinct anterior acces¬ 
sory cusplets. These characters are lacking in 
all hesperocyonines, including “Cynodes¬ 
mus” iamonensis , which was referred to the 
genus Osbornodon by Wang (1994). Osbor- 
nodon iamonensis is known to occur both in 
the Thomas Farm Local Fauna and in the 
Runningwater Formation of Nebraska 
(Wang, 1994). It is thus of interest that Me¬ 
tatomarctus canavus is also recognizable in 
both locations. The coexistence of both spe¬ 
cies in the early Hemingfordian of Florida 
and Nebraska is further evidence of the broad 
zoogeographic distribution of these medium- 
size canids. 


Metatomarctus sp. A 

Tomarctus cf. T. optatus (Matthew, 1924): Stirton, 

1939a: 633. 

Referred Specimens: High Rock Canyon 
2 (UCMP loc. 1107) (early Barstovian), 
Humboldt County, Nevada: UCMP 38290, 
left ramal fragment with crushed ml—m2; 
and UCMP 38301, right ramal fragment with 
ml and broken m2. 

Distribution: Early Barstovian of Nevada. 

Description and Comparison: The most 
conspicuous features of this species and Me¬ 
tatomarctus sp. B are their slender cheek¬ 
teeth with narrow premolars and nearly lon¬ 
gitudinally oriented shearing blade of ml. 
The two species are probably closely related 
and form a small clade of their own. Their 
relationships to other borophagines, however, 
are difficult to determine, owing to the pau¬ 
city of materials. Although the longitudinally 
oriented shearing blades resemble those of 
Psalidocyon, we chose to view this as a par¬ 
allel development because of other morpho¬ 
logical differences. For example, this species 
pair lacks the anteriorly canted p3 main cusp 
(seen only in Metatomarctus sp. B) and ml 
paraconid, features that are unique to Psali¬ 
docyon. Besides the extremely trenchant ml 
trigonids, these two species seem to fall 
within the stage of evolution of Metatomarc¬ 
tus. It is likely that they form a small clade 
derivable from the base of Metatomarctus, 
and when more is known about their mor¬ 
phology, they may deserve a generic status 
of their own. 

Only the ml—m2 are available from the 
two referred specimens of Metatomarctus sp. 
A. Although mediolateral compression of 
UCMP 38290 has certainly contributed to its 
slender appearance, the ml on UCMP 38301 
is essentially not deformed. The shearing 
blade (trigonid) on both specimens is even 
more longitudinally oriented than in Psali¬ 
docyon. Our scant knowledge of this form 
makes it inappropriate to erect a new species. 

Metatomarctus sp. B 

Tephrocvonl compare rurestris (Condon, 1896): 

Merriam, 1911: 239, fig. 8a, b; 1913: 370, fig. 

15a, b. 

Tephrocvonl sp: Merriam, 1911: 241, fig. 9a, b; 

1913: 370, fig. 16a, b. 
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Tomarctus large species: Downs, 1956: 236. 

Referred Specimens: High Rock Canyon 
2 (UCMP loc. 1107) (early Barstovian), 
Humboldt County, Nevada: UCMP 12503, 
left ramal fragment with p4— ml (Merriam, 
1911: fig. 8; 1913: fig. 15a, b); and UCMP 
12504, left ramal fragment with p4—ml 
(Merriam, 1911: fig. 9; 1913: fig. 16a, b). 

Distribution: Early Barstovian of Nevada. 

Description and Comparison: Preserva¬ 
tion of the above referred specimens is 
slightly better than for Metatomarctus sp. A. 
With the presence of the p3, the trenchant 
morphology of the lower cheekteeth is even 
more evident than in Metatomarctus sp. A. 
The sharp-edged p3 and ml trigonid once 
again remind one of the conditions in Psal- 
idocyon, but other details are inconsistent 
with the latter genus. As noted for Metato¬ 
marctus sp. A above, we consider the tren¬ 
chant cheekteeth in this species an indepen¬ 
dent character from Psalidocyon, an asser¬ 
tion to be verified by future discoveries. 

As noted by Stirton (1939a: 633), there is 
a large size difference among the High Rock 
Canyon dogs. There are clearly two size 
groups (e.g., ml length of UCMP 38290 is 
19.3 mm as compared to 24.5 mm in UCMP 
10254), indicating the coexistence of two sis¬ 
ter-species of this peculiar clade. Close ex¬ 
amination also reveals that there may be 
more than one taxon among the large-size 
group ( Metatomarctus sp. B). UCMP 10253 
has a relatively wider ml talonid than in 
UCMP 10254, a feature seen in hypocarni- 
vorous clades such as Cynarctus. As is the 
case in Metatomarctus sp. A, we refrain from 
formally erecting a new species for Metato¬ 
marctus sp. B because of insufficient mate¬ 
rials. 

Euoplocyon Matthew, 1924 

Type Species: Aelurocyonl brachygnathus 
Douglass, 1903. 

Included Species: Euoplocyon spissidens 
(White, 1947) and Euoplocyon brachygna¬ 
thus (Douglass, 1903). 

Distribution: Early Hemingfordian of 
Florida; and early Barstovian of Montana, 
Nebraska, California, and Oregon. 

Emended Diagnosis: A single derived 
character that distinguishes Euoplocyon from 


Metatomarctus and more primitive taxa is 
the presence of two lateral cusplets on 13. 
Euoplocyon lacks the enlarged parastyle on 
P4 that is present in Psalidocyon and others. 
It does not have a posteriorly extended nu¬ 
chal crest, as found in Microtomarctus and 
later clades. On the other hand, it has a prim¬ 
itively large opening for the external audi¬ 
tory meatus, in contrast to the narrow open¬ 
ings in Cynarctus and Metatomarctus and 
more derived taxa. Autapomorphies of Eu¬ 
oplocyon include an elongated paroccipital 
process with a long free tip (seen only in E. 
brachygnathus) and a hypercarnivorous den¬ 
tition with reduced Ml metaconule, ml pro- 
toconid tall and trenchant, ml metaconid 
usually absent but occasionally present as a 
weak crest (but never a distinct cusp), ml 
talonid trenchant with a dominant and cen¬ 
trally located hypoconid, ml entoconid re¬ 
duced to a weak cingulum, and m2 metaco¬ 
nid reduced or absent. 

Discussion: Among medium-size boro- 
phagines, Euoplocyon is the most hypercar¬ 
nivorous in terms of its trenchant lower car- 
nassial. The development of a trenchant tal¬ 
onid of carnassial in Euoplocyon and other 
extinct and living taxa such as Enhydrocyon, 
Cuon, Speothos, and one species of Aeluro- 
don (e.g., A. taxoides magnus Thorpe, syn- 
onymized with A. ferox in this study) in¬ 
spired Matthew (1924, 1930) to place them 
all in a group to be distinct from the “typi¬ 
cal” canids with basined talonids. Recent 
studies by us on the extinct hesperocyonines 
(Wang, 1994) and living canines (Tedford et 
al., 1995) demonstrate that hypercarnivorous 
dentitions, as in hypocarnivorous and meso- 
carnivorous ones, are equally subject to par¬ 
allelisms. A completely trenchant talonid de¬ 
veloped at least five times in the two other 
major clades of canids: three times among 
the living canines (in Speothos, the Cuon— 
Lycaon clade, and the extinct South Ameri¬ 
can Protocyon [Berta, 1988]), and twice 
among the hesperocyonines (in Enhydrocyon 
and Ectopocynus), although the hespero¬ 
cyonines initially had a rather trenchant tal¬ 
onid. The borophagines independently de¬ 
veloped trenchant heels at least twice: in Eu¬ 
oplocyon and in advanced Aelurodon. 

Tedford and Frailey (1976) first pointed 
out a possible relationship of Euoplocyon 
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with advanced borophagines such as To- 
marctus and Aelurodon, based mostly on 
dental similarities. We now have cranial ma¬ 
terials that show a generalized skull without 
the advanced cranial features in advanced 
borophagines such as Aelurodon. Such cra¬ 
nial structures suggest a relatively basal po¬ 
sition in the phylogeny, near Psalidocyon 
and Microtomarctus. 

Dentally, the hypercarnivorous morpholo¬ 
gy in Euoplocyon appears rather suddenly 
without intermediate forms, given the phy¬ 
logenetic position postulated in this study. 
When the relatively more primitive E. spis- 
sidens first appears in the late early Heming- 
fordian Thomas Farm Local Fauna, its lower 
carnassial is already that of a highly ad¬ 
vanced form. None of the other Hemingfor- 
dian or earlier borophagines display any ten¬ 
dency toward a trenchant talonid on ml 
(most are in the opposite direction toward a 
more basined talonid). This may suggest that 
Euoplocyon originated in the southern part of 
North America, where vertebrate fossils ear¬ 
lier than the Thomas Farm Local Fauna are 
poorly represented. The fact that similar-size 
canids, such as Osbornodon iamonensis and 
Metatomarctus canavus, occur in both the 
Hawthorn Formation in Florida and the Run- 
ningwater Formation in Nebraska, whereas 
E. spissidens is restricted to Florida, further 
suggests that E. spissidens could have dis¬ 
persed to the northern Great Plains but did 
not. 

Euoplocyon spissidens (White, 1947) 
Figure 60N-Q 

Aelurocyon spissidens White, 1947: 497, fig. 1A. B. 
Parictis bathygenus White, 1947 (in part): 500, 
fig. 2A. 

Enhydrocyon spissidens (White): Olsen, 1958: 
597, fig. 3A-C. 

Euoplocyon spissidens (White): Tedford and 
Frailey, 1976: 5, fig. 2C, D. Munthe, 1998: 136. 
Osbornodon iamonensis (Sellards, 1916): Wang, 
1994 (in part): 120 (MCZ 3930 only). 

Holotype: MCZ 4246, (AMNH cast 
56015), left partial ramus with p2—p3 alveoli, 
p4—ml, and m2 alveolus (fig. 60N, O) from 
the Thomas Farm Local Fauna, Hawthorn 
Formation (late early Hemingfordian), 
Gilchrist County, Florida. 

Referred Specimens: From the type local¬ 


ity: MCZ 3930 (AMNH cast 129639), left 
partial maxillary with P4—M2 (referred to 
Parictis bathygenus White, 1947: fig. 2A); 
and MCZ 7310 (AMNH cast 56017) (Ted¬ 
ford and Frailey, 1976: fig. 2C, D), left par¬ 
tial ramus with p4— m2 (fig. 60P, Q). 

Distribution: Late early Hemingfordian 
of Florida. 

Emended Diagnosis: Primitive characters 
that distinguish E. spissidens from E. brach- 
ygnathus are p4 less robust, ml and m2 tal- 
onids longer and wider, m2 metaconid dis¬ 
tinct but smaller than protoconid, and lower 
toothrow and anterodorsal part of horizontal 
ramus less deflected laterally. 

Description and Comparison: Almost no 
additional material is available except the 
present reference of a maxillary fragment 
(MCZ 3930) previously referred to Parictis 
bathygenus by White (1947: 500) and to Os¬ 
bornodon iamonensis by Wang (1994: 120). 
This maxillary has canidlike upper molars 
and cannot belong to the same species rep¬ 
resented by the holotype lower jaw of the 
ursoid Parictis ( ICynelos ) bathygenus. The 
size of the upper carnassial is significantly 
smaller than the type of O. iamonensis , and 
its relatively small M2 is in sharp contrast to 
the enlarged M2 in O. iamonensis. The upper 
teeth of MCZ 3930 compare favorably, both 
in size and shape, to those of E. brachygna- 
thus. The only subtle difference is a more 
posteriorly positioned P4 protocone than is 
the case in E. brachygnathus. If the present 
reference is correct, reduction of the meta- 
conule of Ml in E. spissidens is already as 
advanced as that in E. brachygnathus, as 
would be expected for the highly trenchant 
ml of E. spissidens. 

The anterior horizontal ramus of Euoplo¬ 
cyon spissidens is not laterally deflected as 
in E. brachygnathus. Of the few known low¬ 
er teeth, E. spissidens is little different from 
E. brachygnathus in dental dimensions (ap¬ 
pendix III)—the two species are almost in¬ 
distinguishable on the ratio diagram (fig. 48). 
Qualitatively, however, the early Hemingfor¬ 
dian E. spissidens possesses a few primitive 
features relative to the early Barstovian E. 
brachygnathus : the ml entoconid shelf, al¬ 
though considerably reduced, is slightly wid¬ 
er than in E. brachygnathus ; and the m2 
metaconid is not yet completely lost. 
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Fig. 60. A, Occlusal and B. lateral views of ramus, Euoplocyon brachygnathus, CMNH 752, ho- 
lotype, near New Chicago, Flint Creek beds (early Barstovian), Granite County, Montana. C, Lower 
teeth and D, ramus, E. brachygnathus, AMNH 18261 (holotype of E. praedator), Sheep Creek Quarry, 
Olcott Formation (early Barstovian), Sioux County, Nebraska. E, Upper teeth and F, lateral view of 
maxillary, E. brachygnathus, F:AM 25489, Trojan Quarry. Olcott Formation, Sioux County, Nebraska. 
G, Lateral, H, ventral, and I, dorsal views of skull (reversed from right side), E. brachygnathus , F:AM 
50120, Steep Side Quarry, Green Hills Fauna, Barstow Formation (early Barstovian), San Bernardino 
County, California. J, Upper teeth and K, lateral view of maxillary, E. brachygnathus, F:AM 50123, 
Steep Side Quarry. L, Lower teeth and M, ramus (m2 reversed from right side), E. brachygnathus, F: 
AM 27314, Barstow Formation. N, Lower teeth and O, ramus, E. spissidens, MCZ 4246. holotype, 
Thomas Farm Local Fauna, Hawthorn Formation (early Hemingfordian), Gilchrist County, Florida. P, 
Lower teeth and Q. ramus, E. spissidens, MCZ 7310, Thomas Farm Local Fauna. The longer (upper) 
scale is for A, C, E, J, L, N, and P. and the shorter (lower) scale is for the rest. 
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Discussion: With the fragmentary materi¬ 
als available, we have little more information 
than when this species was last examined by 
Tedford and Frailey (1976). Consequently, 
the various arguments proposed in that paper 
for assignment of this Thomas Farm species 
to Euoplocyon are still valid, and little can 
be added except the larger phylogenetic per¬ 
spective afforded in this study. 

If spissidens is correctly referred to Eu¬ 
oplocyon as a primitive species of that genus, 
it follows that the broadened palate and the 
associated lateral deflection on the lower jaw 
of E. brachygnathus must have been derived 
within the Euoplocyon clade, independent 
from those in advanced borophagines such as 
Aelurodon and Epicyon. As commented un¬ 
der the genus Euoplocyon, these features, as 
commonly associated with hypercarnivorous 
dentitions, have been developed several 
times during the history of the Canidae. 

Euoplocyon brachygnathus (Douglass, 
1903) 

Figure 60A-M 

Aelurocyoif! brachygnathus Douglass, 1903: 173, 
fig. 16. 

Euoplocyon praedator Matthew, 1924: 103. Ted¬ 
ford and Frailey, 1976: 6, fig. 2A, B. Munthe, 
1998: 136. 

Euoplocyon ? sp. Gazin, 1932: 50, fig. 3. 

?Aelurodon brachygnathus (Douglass): Vander- 
Hoof and Gregory. 1940: 152. 

Aelurodon brachygnathus (Douglass): McGrew, 
1944b: 79. 

Holotype: CMNH 752 (AMNH cast 
101208), left partial ramus with i 1—i3 broken 
alveoli and cl—m3 all represented by roots or 
broken teeth (fig. 60A, B), near New Chi¬ 
cago, Flint Creek beds (early Barstovian), 
Granite County, Montana. 

Referred Specimens: From the Olcott For¬ 
mation (early Barstovian), Sioux County, 
Nebraska: AMNH 18261, left ramus with il- 
i3 alveoli, cl broken, and pi—m3 (p2 broken) 
(fig. 60C, D), Sheep Creek Quarry (holotype 
of Euoplocyon praedator Matthew, 1924); F: 
AM 25488, left partial ramus with il-pl al¬ 
veoli and p2—ml (p4 alveolus). Humbug 
Quarry; F:AM 25489, left premaxillary and 
maxillary with II—M2 (Cl—PI alveoli) (fig. 
60E, F), Trojan Quarry (Sinclair Quarry No. 
4, horizon A); F:AM 25442, left ramus with 


i 1—i3 alveoli, cl—m2, and m3 alveolus. Echo 
Quarry; F:AM 25443, left ramus with il-m3 
(pi and p3 alveoli). Echo Quarry; F:AM 
105333, left partial ramus with il—pi alveoli, 
p2, and p3—ml all broken. Echo Quarry; and 
F:AM 129867, left ramus with i 1—i3 alveoli, 
broken cl, pi alveolus, and broken p2—m3. 
Quarry 2. 

Green Hills Fauna, Barstow Formation 
(early Barstovian), San Bernardino County, 
California: F:AM 27225, left ramus with cl 
broken—m2 and m3 alveolus. Green Hills; F: 
AM 27314, partial mandible with cl-m2 (pi 
and m3 alveoli) (fig. 60L, M), ?Second Di¬ 
vision; F:AM 27315, right and left partial 
rami with unerupted p4— m3. Green Hills; F: 
AM 27315A, left immature partial ramus 
with cl erupting, unerupted p3 and p4, and 
m2-m3; F:AM 27315B, right and left rami 
with i3—ml and m2—m3 alveoli. Green Hills; 
F:AM 27532, left premaxillary and left and 
right partial maxillae with 11—12 roots and 
13—M2, Green Hills; F:AM 50120, crushed 
skull with I3-P1 alveoli and P2 broken-M2 
(fig. 60G—I), Steep Side Quarry; F:AM 
50122, left partial maxillary with 13 broken— 
P3 and P4 broken, Steep Side Quarry; F:AM 
50123, left premaxillary-maxillary with 11— 
12 alveoli and 13-M2 (PI alveolus and P2 
broken) (fig. 60J, K), Steep Side Quarry; F: 
AM 67325, right partial ramus with p2—p3 
alveoli and p4 broken—ml. Steep Side Quar¬ 
ry, upper level; and F:AM 67326, left partial 
ramus with pi alveolus, p2—p3 both broken, 
p4-ml, and m2 alveolus (F:AM 67325 and 
67326 being possibly one individual). Steep 
Side Quarry; and F:AM 67327, right partial 
premaxillary-maxillary with II— P2, Steep 
Side Quarry. 

Skull Spring Local Fauna (LACM-CIT 
loc. 57), Butte Creek Formation (early Bar¬ 
stovian), Malheur County, Oregon: LACM- 
CIT 392, left isolated ml (Gazin, 1932: fig. 
3). 

Distribution: Early Barstovian of Mon¬ 
tana, Nebraska, California, and Oregon. 

Emended Diagnosis: Derived characters 
that separate Euoplocyon brachygnathus 
from E. spissidens are p4 more robust; ml— 
m2 talonids shorter and narrower, metaconid 
absent; and lower toothrow and anterodorsal 
part of the horizontal ramus strongly deflect¬ 
ed laterally. Autapomorphies for E. brach- 
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ygnathus (although their status in E. spissi¬ 
dens is unknown) include mastoid large and 
knoblike, long free tip of paroccipital pro¬ 
cess, and partitioned infraorbital canal. 

Description and Comparison: Cranial 
morphology of this species is known only 
from a crushed skull from the Barstow For¬ 
mation (F:AM 50120). Reference of this 
skull is based on its short snout and broad 
palate, which correspond to similarly short¬ 
ened mandible and lateral deflected lower 
premolars, and secondarily on the entirely 
shearing mode of wear on its premolars, as 
would be expected for a highly hypercarni- 
vorous lower dentition. Furthermore, its nar¬ 
rowed heel of M1 that lacks a metaconule is 
what would be expected for a trenchant tal- 
onid of ml. F:AM 50120 suffers from heavy 
crushing on top of the skull. This distortion 
and the advanced age of this individual (as 
indicated by heavy wear) make many bony 
sutures difficult to recognize. Thus, it is not 
clear whether the premaxillary is in contact 
with the frontal, although this is likely be¬ 
cause of well-developed lateral cusplets on 
13, which seem related to a stronger, more 
securely anchored premaxillary process. A 
moderate frontal sinus is probably present on 
F:AM 50120, judging from the slightly en¬ 
larged supraorbital region. However, the si¬ 
nus does not seem to extend behind the post¬ 
orbital constriction because of a lack of in¬ 
flation in this area typically associated with 
a large sinus. The nuchal crest is low and 
lacks the posterior extension seen in Micro- 
tomarctus and more advanced taxa. The most 
unambiguous hypercarnivorous feature of the 
skull is its broadened palate and shortened 
rostrum (palate width at PI and length of PI— 
M2 in fig. 47), apparently in parallel with 
similar features in Aelurodon and the Epi- 
cyon—Borophagus clade. The opening for the 
external auditory meatus is large with a V- 
shape notch on the anterior edge of the open¬ 
ing, and lacks a bony lip for the meatus. The 
mastoid process of E. brachygnathus is in¬ 
flated, as in Enhydrocyon, but in contrast to 
the latter, the paroccipital process is promi¬ 
nently elongated so that it has a free tip 9 
mm long. These peculiarities in the mastoid 
and paroccipital processes are apparently au- 
tapomorphies, since taxa above and below 
Euoplocyon lack these features. Another aut- 


apomorphous feature is a tendency for the 
infraorbital canal to be partitioned into two 
foramina by a septum—a complete septum is 
present in F:AM 25489, and a partial septum 
is seen on the right side of F:AM 50120 (the 
left canal is undivided). 

Except for the highly hypercarnivorous 
lower carnassial, teeth of Euoplocyon brach¬ 
ygnathus exhibit typical medium-size boro- 
phagine characteristics, with well-developed 
cusplets on incisors and premolars. Two dis¬ 
tinct lateral cusplets are present on 13 (seen 
on F:AM 25489, 50123, and 67327), and the 
premolars are similarly cuspidate with dis¬ 
tinct cingular and accessory cusplets, even 
on PI and pi, features that are not seen in 
Enhydrocyon. A parastyle on P4 is almost 
entirely lacking in the Barstow sample, and 
it is weakly developed in only one individual 
(F:AM 25489) from the Snake Creek sample. 
The wear on the upper premolars in F:AM 
50120 (fig. 60H) represents mostly a shear¬ 
ing mode (a longitudinal, nearly vertical fac¬ 
et on the lingual face of all premolars that 
are self-sharpening), in contrast to a predom¬ 
inantly crushing mode of wear in most me- 
socarnivorous borophagines (flattening of the 
principal cusps of the premolars). The Ml is 
slender and its metaconule is conspicuously 
absent among closely related borophagines 
that always have a distinct metaconule. Re¬ 
duction of the metaconule is consistently cor¬ 
related with a trenchant ml talonid, as seen 
in hypercarnivorous canines (e.g., Speothos) 
and hesperocyonines (e.g., Enhydrocyon). 
The M2 is reduced relative to the Ml. 

Evidence for hypercarnivory is more 
clearly seen on the lower teeth, especially the 
ml. As in Euoplocyon spissidens, the meta- 
conid is lost in all individuals. In general, the 
talonid of ml is more reduced (narrowed) 
than in E. spissidens. The entoconid either is 
completely lacking or is represented by a 
narrow and low cingulum on the lingual edge 
of the talonid. In all individuals, the meta- 
conid on m2 is lost except for a transverse 
crest leading down the apex of the protoco- 
nid, in contrast to the small metaconid in E. 
spissidens. 

Discussion: No additional material of Eu¬ 
oplocyon brachygnathus is known from the 
type locality. Although the only tooth frag¬ 
ment remaining on the holotype is a partial 
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talonid of ml, as well as the roots of the 
cheekteeth, the horizontal ramus (fig. 60A, 
B) displays the characteristic shape of this 
species, which is much better represented in 
material from the Olcott Formation of Ne¬ 
braska and the Barstow Formation of Cali¬ 
fornia. The combination of a short and deep 
horizontal ramus with a laterally deflected 
anterodorsal region is not seen in other con¬ 
temporaneous canids. Its narrow and tren¬ 
chant ml talonid and its close spacing of the 
cheekteeth provide additional evidence that 
E. brachygnathus is conspecific with E. 
praedator from the Lower Snake Creek Fau¬ 
na. As such, E. brachygnathus, a fitting name 
but based on a poorly preserved holotype, 
has priority over Matthew’s E. praedator. 

As the terminal member of a small, pre¬ 
cociously hypercarnivorous clade, Euoplo- 
cyon brachygnathus displays several traits 
convergent with those in the Aelurodon 
clade. For example, a broadened palate and 
the associated lateral eversion of the anterior 
mandible are typical features of the latter 
clade. Dentally, E. brachygnathus also shares 
with the Aelurodon clade a reduced M2 and 
m2, as well as a general trend of a reduced 
Ml metaconule and narrowed ml talonid. 
However, the generally primitive cranial con¬ 
figuration of E. brachygnathus (e.g., relative¬ 
ly small frontal sinus, nuchal crest not ex¬ 
panded, and large opening for auditory me¬ 
atus) indicates a phylogenetic position close 
to Metatomarctus, not to Aelurodon. 

Psalidocyon, new genus 

Type Species: Psalidocyon marianae, new 
species. 

Etymology: Greek: psalido, scissors; 
cyon, dog. 

Included Species: Type species only. 

Distribution: Early Barstovian of New 
Mexico and Nebraska. 

Diagnosis: A synapomorphic feature 
shared with Microtomarctus and higher taxa 
is a pronounced P4 parastyle, which is absent 
in Euoplocyon and more primitive taxa. De¬ 
rived characters unique to this genus are in¬ 
cisors tall-crowned and complex; canine 
large with lingual surface compressed and 
concave, anterolingual crest and posterolin- 
gual crest present; PI—P3 and pi— p4 tall- 


crowned and complex with sharp anterior 
and posterior blades; ml trigonid very open 
with sectorial paraconid-protoconid blade 
and metaconid very large; m2 metaconid 
large, much taller than protoconid; and deep 
horizontal ramus. Characters of Psalidocyon 
that are primitive relative to Microtomarctus 
are nuchal crest not posteriorly expanded and 
lambdoidal crests unreduced. 

Psalidocyon marianae , new species 
Figure 61 

Holotype: F:AM 27397, skull with II— 
M2, mandible with il— m3 (fig. 61A—F) and 
associated limbs, including partial scapula, 
humerus, femur, tibia, and questionably as¬ 
sociated partial manus and nearly complete 
pes, from southeast of White Operation, 
Skull Ridge Member, Tesuque Formation 
(early Barstovian), Santa Fe County, New 
Mexico. 

Etymology: Named in honor of Marian 
Galusha for her contributions in the field and 
office during and following the work of the 
Frick Laboratory in the southwestern United 
States. 

Referred Specimens: From Olcott For¬ 
mation (early Barstovian), Sioux County, 
Nebraska: F:AM 25490, right partial ramus 
with cl—p4 and ml broken, Trojan Quarry 
(= Quarry 4 of Horizon A); F:AM 61295, 
left partial ramus with il—pi alveoli and p2— 
ml. Humbug Quarry; F:AM 61296, right 
partial ramus ml—m2 and m3 alveolus (fig. 
61G, H), Echo Quarry; F:AM 61297, left 
partial ramus i2—ml (pi—p2 broken). Echo 
Quarry; and F:AM 61298, right partial ramus 
with ml—m2 and m3 alveolus. Quarry 2. 

Distribution: Early Barstovian of New 
Mexico and Nebraska. 

Emended Diagnosis: As for genus. 

Description and Comparison: The holo¬ 
type skull and mandible are only slightly 
crushed laterally. In overall cranial propor¬ 
tions, Psalidocyon closely resembles Des- 
mocyon matthewi (fig. 62). The premaxillary 
process appears to be in contact with the na¬ 
sal process of the frontal, although breakage 
in this area makes the observation less cer¬ 
tain. The dorsal profile of the skull indicates 
a well-developed frontal sinus extending pos¬ 
teriorly to the frontal-parietal suture. The nu- 
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Fig. 61. Psalidocyon marianae. A, Upper teeth (11-12 reversed from right side), B, lateral, C, 
ventral, and D, dorsal views of skull, E, lower teeth, and F, ramus (p2, m2, and ascending ramus 
reversed from right side), F:AM 27397, holotype, southeast of White Operation. Skull Ridge Member, 
Tesuque Formation (early Barstovian), Santa Fe County, New Mexico. G, Lower teeth and H, ramus 
(reversed from right side), F:AM 61296, Echo Quarry, Olcott Formation (early Barstovian), Sioux 
County, Nebraska. The shorter (upper) scale is for B, C. D, F. and H. and the longer (lower) scale is 
for the rest. 


chal crest is fan-shaped in the posterior view. 
The lambdoidal crest is sharp and unreduced. 
Both bullae are broken, especially the caudal 
entotympanic part. The opening for the ex¬ 
ternal auditory meatus is large and lacks an 
external lip. The paroccipital process is lat¬ 
erally expanded and forms a deep pocket be¬ 
tween it and the bulla. The mastoid process 
is small and recedes beneath a prominent 
horizontal shelf. The horizontal ramus has a 
weak subangular lobe. 

The entire dentition of the holotype is 
nearly perfectly preserved. Although all per¬ 
manent teeth are fully erupted, there is little 
trace of wear on any tooth. Dental morphol¬ 
ogy of this species is quite unusual in its de¬ 
velopment of sharp blades along the entire 
dental battery from incisors through premo¬ 
lars. These sharp blades are formed on the 
lateral edges of the incisors and on the an¬ 


terior and posterior edges of the main cusps 
of canines and premolars. The cutting edges 
are further enhanced by the high crowns of 
these teeth. Despite the sharp blades on the 
premolars, the tips of these teeth usually in¬ 
dicate apical rather than shearing wear, as is 
common in most borophagines of similar 
size. The upper incisors are procumbent and 
have a prominent main cusp with one or two 
accessory cusps on either side. The Cl is 
short and straight with a strong anterolingual 
ridge that bends lingually to form a lingual 
groove on the canine. The large upper and 
lower premolars are imbricated within the 
jaws in young individuals. Premolar acces¬ 
sory and cingular cusps are distinct, and the 
right P2 in the holotype even has two pos¬ 
terior accessory cusplets that create a serrat¬ 
ed posterior cutting edge. The premolars also 
have a narrow lingual cingula. The P4 has a 
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Fig. 62. Log-ratio diagram for cranial measurements of Desmocyon, Psalidocyon, Microtomarctus, 
and Protomarctus using Desmocyon thomsoni as a standard for comparison (straight line at zero). See 
text for explanations and appendix II for measurements and their definitions. 


distinct parastyle, and its protocone is re¬ 
duced. Like other premolars, the anterior and 
posterior blades of the P4 paracone are 
sharp-edged. The upper molars remain prim¬ 
itive and are indistinguishable from those of 
Metatomarctus. 

The lower incisors have a large medial 
cusp and smaller, but distinct lateral cusps. 
Like the upper canines, the anterolingual 
ridge of the lower canine bends lingually to 
form a prominent groove. The outline of the 
ml is more slender than for taxa of similar 
size. The cutting blade on ml is more lon¬ 
gitudinally oriented than in Metatomarctus, 
and the talonid cusps are more cuspidate with 
a strong transverse crest. The m2 has a dom¬ 
inant metaconid, exceeded only by advanced 
species of Cynarctus. 

Discussion: Although represented by a 
few ramal fragments only, Psalidocyon mar- 
ianae is positively identified in the Olcott 


Formation of Nebraska because of the highly 
characteristic dental morphology. Besides the 
autapomorphies mostly related to the blade¬ 
like incisors and premolars, the skull and up¬ 
per molars of Psalidocyon are rather typical 
of medium-size, mesocarnivorous borophag- 
ines, not unlike those of Desmocyon matthe- 
wi and Metatomarctus. This combination of 
primitive and derived characters best places 
it above Metatomarctus and below Microto¬ 
marctus. 

Rudimentary development of the bladelike 
premolars and canines can be found in a par¬ 
tial mandible (F:AM 49181; fig. 46C, D) 
from the early Hemingfordian of Nebraska, 
presently referred to Desmocyon matthewi. 
This individual shows sharp anterior crests 
on the premolars, a distinct anterolingual 
crest on the cl, and a thin-bladed lower car- 
nassial. In the absence of upper dentitions, 
which are critical in evaluating relationships 
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- Desmocyon thomsoni - Desmocyon matthewi & Metatomarctus canavus 

■ Psalidocyon marianae - Microtomarctus conferta • Protomarctus optatus 

\ _ 


Fig. 63. Log-ratio diagram for dental measurements of Desmocyon, Metatomarctus, Psalidocyon, 
Microtomarctus, and Protomarctus using Desmocyon thomsoni as a standard for comparison (straight 
line at zero). See text for explanations and appendix III for summary statistics of measurements and 
their definitions. 


of closely related species, we chose to ex¬ 
plain these features on F:AM 49181 as an 
individual variation of D. matthewi, rather 
than as an early occurrence or a primitive 
species of Psalidocyon. Such an earlier ap¬ 
pearance of Psalidocyon-like features in a 
more primitive taxon of D. matthewi is 
roughly consistent with our phylogenetic 
conclusions, which place these two genera 
not far apart. 

Microtomarctus , new genus 

Type Species: Tephrocyon conferta Mat¬ 
thew, 1918. 

Etymology: Greek: micro, small, plus to- 
marctus. 

Included Species: Type species only. 

Distribution: Late Hemingfordian of New 
Mexico; early Barstovian of Nevada, Cali¬ 
fornia, New Mexico, Nebraska, and Colora¬ 


do; late Barstovian of Texas, California, Col¬ 
orado, and New Mexico. 

Diagnosis: Synapomorphic features 
shared with Metatomarctus and higher taxa 
are posterior expansion of the nuchal crest 
that overhangs the occipital condyle, and 
lambdoidal crests suppressed. Characters 
unique to this genus are small size, brachy- 
cephalic skull, and small, short canines. 
Characters of Microtomarctus that are prim¬ 
itive relative to Protomarctus are frontal si¬ 
nus relatively smaller and less complex, au¬ 
ditory meatus of large diameter with V- 
shaped opening, and a single lateral acces¬ 
sory cusplet on 13 (here interpreted as a 
reversal). 

Microtomarctus conferta (Matthew, 1918) 
Figures 64—66 

ITephrocyon cf. temerarius (Leidy, 1858): Mat¬ 
thew and Cook, 1909: 376 (AMNH 13859). 
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Tephrocyon confertus Matthew, 1918: 189, fig. 1. 
Nothocyon vulpinus coloradoensis Thorpe, 
1922b: 430, fig. 2. 

Tomarctus confertus (Matthew): Matthew, 1924: 
96, fig. 17. Hough, 1948: 107. Downs, 1956: 
237. 

Tomarctuspaulus Henshaw, 1942: 105, pi. 2, figs. 

3, 4a. Downs, 1956: 237. Munthe, 1998: 135. 
Nothocyon vulpinus (Matthew, 1907): Galbreath, 
1953: 100. 

Tomarctus cf. T. paid a (Henshaw): Honey and Iz- 
ett, 1988: 20, fig. 8. 

Tomarctus ? confertus (Matthew): Munthe, 1998: 
135. 

Holotype: AMNH 17203, right ramus 
with i 1—i3 alveoli, cl—m2 (pi and p3 alveoli) 
(fig. 64A, B), 23 mi south of Agate, Lower 
Snake Creek Fauna, Olcott Formation (early 
Barstovian), Sioux County, Nebraska. 

Referred Specimens: Lower Snake Creek 
Fauna, Olcott Formation (early Barstovian), 
Sioux County, Nebraska: AMNH 13859, left 
ramal fragment with cl—p4 alveoli, ml bro¬ 
ken, and m2—m3, 23 mi south of Agate (re¬ 
ferred to ITephrocyon cf. temerarius by Mat¬ 
thew and Cook, 1909: 376); AMNH 17204, 
left partial ramus with p3—m2, 23 mi south 
of Agate; AMNH 17205, left ramus with cl 
and pi alveolus—m2, 23 mi south of Agate; 
AMNH 17206, left partial ramus with ml- 
m2 and m3 alveolus, 23 mi south of Agate; 
AMNH 18253, partial skull, premaxillary 
missing. Cl—P2 alveoli, and P3—M2, Quarry 
B, figured by Matthew (1924, fig. 17); 
AMNH 18254, left partial ramus with p3-p4 
and all alveoli. Quarry A; AMNH 20056, 3 
isolated teeth of two or more individuals, 
right Ml and two right mis, 23 mi south of 
Agate; AMNH 20064, right ramal fragment 
with p4—ml. West Sinclair Draw; F:AM 
61024, left partial ramus with cl, pi—p2 al¬ 
veoli, p3—ml, and m2—m3 alveoli. Version 
Quarry; F:AM 61025, right partial ramus 
with i 1—i3 alveoli, cl, pi alveolus, p2—m2, 
and m3 alveolus. Humbug Quarry; F:AM 
61026, right partial ramus with cl—p4, ml 
broken—m2, and m3 alveolus. Echo Quarry; 
F:AM 61027, left partial ramus with cl and 
pi alveolus-ml. Quarry 2; F:AM 61028, 
right partial ramus with ml—m2 and m3 al¬ 
veolus, New Surface Quarry; F:AM 61029, 
left partial ramus with cl—p3 alveoli, p4—m2, 
and m3 alveolus. Echo Quarry; F:AM 61030, 


right ramal fragment with cl alveolus and 
p2-p3. New Surface Quarry; F:AM 61031, 
partial skull with C1-P3 alveoli, P4, and 
M1-M2 alveoli. Echo Quarry; F:AM 61032, 
left partial maxillary with P2—P4, Echo 
Quarry; F:AM 61033, right ramus with il— 
pi all alveoli, p2—m2, and m3 alveolus. Echo 
Quarry; F:AM 61034, left partial ramus with 
pi—p2 alveoli, p3 broken—m2, and m3 alve¬ 
olus, Quarry 2; F:AM 61035, left partial ra¬ 
mus with p2—p3 alveoli, p4— ml, and m2—m3 
alveoli. Echo Quarry; F:AM 61036, right 
partial ramus with i3—cl broken, pi alveo¬ 
lus—m2 (p2 broken). Echo Quarry; F:AM 
61037, left ramus with i 1—i3 alveoli, cl, pi 
alveolus—m2, and m3 alveolus. Echo Quarry; 
F:AM 61038, partial skull with P2-M2, Echo 
Quarry; F:AM 61039, partial skull with P2- 
M2 (fig. 64C—E), Echo Quarry; F:AM 
67776, partial humerus, Echo Quarry; F:AM 
67776B, partial humerus. Quarry 2; F:AM 
67777A, partial radius. West Sand Quarry; F: 
AM 67778 and 67778A, partial ulna; F:AM 
67787, femur. Echo Quarry; F:AM 67787A, 
partial femur. Echo Quarry; F:AM 67788, 
tibia. Echo Quarry; F:AM 67789, partial fe¬ 
mur, New Surface Quarry; and AMNH 
97232, detached teeth including P4, M2, and 
ml. Quarry A. 

Green Hills Fauna, Barstow Formation 
(early Barstovian), San Bernardino County, 
California: F:AM 27272A, left and right 
maxillary fragments with P4—M2, second 
layer above Rak Division; F:AM 27284, 
right broken isolated P4, ?Second Division 
lower layer; F:AM 27297, left partial ramus 
with i3 broken—cl, pi alveolus—ml, and m2 
broken-m3 alveolus; F:AM 27297A, right 
and left rami with cl—m2, lower Green Hills 
Quarry; F:AM 27299, crushed skull with 11 
broken—M2 and mandible with il—m2. Deep 
Quarry; F:AM 27299A, crushed anterior part 
of skull with I3-P3 alveoli, P4-M1, and M2 
alveolus, second layer above Third Division; 
F:AM 27299B, mandible with il-m2 and m3 
alveolus, Deep Quarry; F:AM 27299C, right 
crushed partial ramus with cl broken, p2—p4, 
and ml—m2 broth broken. Deep Quarry; F: 
AM 27530, crushed anterior part of skull 
with C1-P2 alveoli and P3-M2, lower Green 
Hills Quarry; F:AM 50121, fragmentary 
skull with P4 broken—M2, upper level of 
Steepside Quarry; F:AM 61019, right ramal 



from right side), AMNH 
Sioux County, Nebraska, 
right side), F:AM 61039, 
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Fig. 65. Microtomarctus conferta. A, Ventral and B, lateral views of maxillary and upper teeth, C, 
lower teeth, and D, ramus, LACM-CIT 1229 (holotype of Tomarctus paulus), Siebert Formation, Ton- 
opah Local Fauna (late early Barstovian), San Antonio Mountains, Nye County, Nevada. E, Ventral 
view of skull, F, lower teeth, and G, ramus, F:AM 27548, Skyline Quarry. “First Division.” Barstow 
Formation (early late Barstovian), San Bernardino County, California. 
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Fig. 66. Microtomarctus conferta. A, Lateral, B, ventral, and C, dorsal views of skull, D, lower 
teeth, and E. ramus (anterior part of ramus and p2—p3 reversed from right side), F:AM 27398X, Pojoaque 
Bluffs, Pojoaque Member, Tesuque Formation (early late Barstovian), Santa Fe County, New Mexico. 
F, Ventral view of partial skull (reversed from right side). F:AM 27398, Santa Cruz, Pojoaque Member, 
Tesuque Formation. 

fragments with cl, pi alveolus, p2, broken (Ml—M2 broken), Steepside Quarry upper 

p3, and ml—m2, upper level of Steepside level; F:AM 61021, right partial maxillary 

Quarry; F:AM 61019A, left ramal fragment with P4 broken—M2, Steepside Quarry upper 

with cl—ml broken, upper level of Steepside level; F:AM 61022, left partial maxillary 

Quarry; F:AM 61020, anterior half of skull with P3—M2, Steepside Quarry upper level; 

with Il-Pl alveoli, P2, and P3 alveolus-M2 and F:AM 61023, right partial ramus with cl 
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broken, pi alveolus—m2, and m3 alveolus, 
Steepside Quarry upper level. 

Yermo Local Fauna, 5 mi east of Yermo, 
Barstow Formation (early Barstovian), San 
Bernardino County, California: F:AM 27522, 
crushed anterior part skull with 11—P3 alveoli 
and P4-M2; F:AM 27527, right partial ra¬ 
mus with p3 broken-m3; F:AM 27527A, left 
partial ramus with cl, and pi alveolus—ml; 
F:AM 27527B, left partial ramus with p2, p4 
broken, and ml; F:AM 27527C, right partial 
ramus with cl—pi alveoli, p2—ml (p4 bro¬ 
ken), and m2—m3 alveoli; 27527D, left par¬ 
tial ramus with p3 broken—m2 and m3 alve¬ 
olus; F:AM 61063, right partial ramus with 
p2—p3 alveoli, p4— ml both broken, and m2— 
m3 alveoli; F:AM 61063A, right partial ra¬ 
mus with ml broken—m2 and m3 alveolus; 
F:AM 61063B, right partial maxillary with 
P4-M2; and F:AM 61063C, left partial max¬ 
illary with P4 broken-M2. 

Kiva Quarry, 2 mi southwest of Zia Pueb¬ 
lo, Jemez Creek area, Zia Formation (late 
Hemingfordian), Sandoval County, New 
Mexico: F:AM 50143, right and left partial 
rami with cl—m2 and m3 alveolus. 

Nambe Member, Tesuque Formation (late 
Hemingfordian), Santa Fe County, New 
Mexico: F:AM 67373, right partial ramus 
with il—p2 all broken, p3, p4—ml both bro¬ 
ken, and m2—m3, north side of fault block 
south of Santa Cruz River drainage, 35 ft be¬ 
low No. 1 White Ash; and F:AM 105257, 
right partial ramus with ml—m2 both broken. 
East Cuyamunque, Nambe Pueblo Grant. 

Skull Ridge area. Skull Ridge Member, 
Tesuque Formation (early Barstovian), Santa 
Fe County, New Mexico: F:AM 27383B, 
right partial ramus with pi—p2 alveoli, p3, p4 
broken, and ml—m3 alveoli, Santa Cruz; F: 
AM 27391, right partial ramus with cl—m2 
all broken; 27391 A, left partial ramus with 
cl—pi alveoli, and p2—m2 all broken; F:AM 
27396A, left partial ramus with p3 broken— 
m3 (ml broken); F:AM 27396B, right partial 
ramus with cl—pi alveoli, and p2—m2 all 
broken. South Skull Ridge; F:AM 27396C, 
left partial ramus with p4— m2, 3 mi from 
Cuyamunque, left side of road; F:AM 
27396D, anterior part of skull with 11-P3 al¬ 
veoli and P4-M2 all broken; F:AM 27398Z, 
right partial maxillary with P4—M2 and right 
partial ramus with cl broken—m3, south 


Skull Ridge; F:AM 27473, skull with Cl, 
P1-P3 alveoli, and P4-M2; F:AM 27478, 
right and left partial rami with p2 root and 
p3—m3. Upper Skull Ridge; F:AM 50164, 
anterior part of mandible with il—cl all bro¬ 
ken, pi—p4, and ml broken, west Cuyam¬ 
unque, Tesuque Pueblo just south of north 
boundary; F:AM 50165, associated partial 
rami with p4—m3, Cuyamunque; F:AM 
50166, right partial ramus with cl—pi alve¬ 
oli, p2, p3 alveolus, p4— ml both broken, and 
m2 alveolus, base of channel above Ash 
“F”; F:AM 50167, partial mandible with il- 
cl all broken, pi alveolus—p4, and ml—m2 
both broken, Joe Rack Wash; F:AM 50168, 
left partial ramus with cl broken, pi—p2 al¬ 
veoli, and p3—m2 all broken, Skull Ridge, 
Nambe Creek side of Divide, 12 ft above 
Ash “B”; F:AM 50169, left partial ramus 
with pi—p2 alveoli, p3—m2, and m3 alveolus, 
8 ft below Ash "B”; F:AM 50170, partial 
mandible with cl-m3 alveoli; F:AM 50171, 
left partial ramus with i3—cl both broken, 
pi—p2 alveoli, p3 broken, P4, and ml bro¬ 
ken; F:AM 50172, partial skull with 13-M2, 
White Operation District above white layer; 
F:AM 50173, right partial ramus with cl-p3 
all broken, p4, and ml—m3 all broken; F:AM 
50174, right partial ramus with p4 broken— 
m2 and m3 alveolus; F:AM 50175, right par¬ 
tial ramus with cl—m2 all broken or roots. 
Skull Ridge area; F:AM 50176, right partial 
ramus with p4 and ml broken; F:AM 
50177Y, right ml. White Operation District; 
F:AM 50178, partial palate with left and 
right P4 broken and Ml—M2, west Cuyam¬ 
unque, white ash east of central fault; F:AM 
50179, anterior part of skull with P3 broken— 
M2, North Skull Ridge, 40 ft above white 
layer; F:AM 50180, right and left partial 
maxillary with Cl and P2—M2, no locality 
data; F:AM 50182, left ramus with il-m3, 
below white layer; F:AM 50188, crushed an¬ 
terior part of skull with II—M2 and both par¬ 
tial rami with cl broken—m3 (ml broken), 
Tesuque Grant between Arroyo Ancho and 
Rio Tesuque; F:AM 67336, left partial ramus 
with il—p3 alveoli and p4—m3 all broken, 
north of Tesuque Grant, north boundary Te¬ 
suque East, Cuyamunque; F:AM 67337, 
right partial ramus with p4— ml roots and m2 
broken—m3, Joe Rack Wash, channel above 
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Ash “F”; and F:AM 67338, left ramus frag¬ 
ment with p4—ml all broken. 

Cold Spring Fauna, Fleming Formation 
(early late Barstovian), 8 mi south of Living¬ 
ston, Polk County, Texas: F:AM 63292, right 
and left partial rami with p 1, p2—p3 both bro¬ 
ken, p4, ml broken, m2, and m3 alveolus. 

UCMP loc. V5433, Raine Ranch Forma¬ 
tion (late early Barstovian), 3.5 mi south of 
Carlin, Elko County, Nevada: UCMP uncat- 
aloged (AMNH cast 80131), right ramus 
with cl—m2 and m3 alveolus. 

Siebert Formation, LACM-CIT loc. 172, 
Tonopah Local Fauna (late early Barstovian), 
San Antonio Mountains, near Tonopah, Nye 
County, Nevada: LACM-CIT 1229 (AMNH 
cast 116109) (holotype of Tomarctus paulus 
Henshaw, 1942), anterior part of skull with 
II—M2 with fragments and mandible with i2— 
m3 (fig. 65A-D); LACM-CIT 1232, right 
and left rami with cl, pi alveolus, and p2— 
m3; LACM 15973, right ramus with cl-p4 
alveoli and ml broken; LACM 15975, left 
maxillary fragment with P4—M2 broken; and 
LACM 15976, left partial ramus with p3 bro¬ 
ken—ml and m2 root. 

Valley View Quarry, “Second Division,” 
Barstow Formation (late early Barstovian), 
San Bernardino County, California: F:AM 
27533, skull with Il-Cl alveoli and P1-M2 
and partial mandible with i2—cl broken and 
pi—m3 (p3—ml all broken); F:AM 27549, 
left ramus with cl broken, pi alveolus—ml, 
and m2 broken-m3 alveolus; F:AM 61042, 
crushed anterior part of skull with 13—P3 al¬ 
veoli and P4-M2; F:AM 61043, left premax- 
illary-maxillary and right partial maxillary 
with I1-M2 (PI alveolus); and F:AM 61056, 
left partial ramus with pi— p4 alveoli, ml 
broken, and m2—m3 alveoli. 

“First Division,” Barstow Formation (ear¬ 
ly late Barstovian), San Bernardino County, 
California: F:AM 18012, right and left partial 
rami with cl broken—p3 and p4 broken—m2. 
Mayday Quarry; F:AM 27253A, left ramus 
with i 1—i3 alveoli, cl broken, pi alveolus— 
m2, and m3 alveolus. North End lower layer; 
F:AM 27270, right partial ramus with cl-p3 
roots, p4, and ml broken—m2 alveolus, Bar¬ 
stow area; F:AM 27291, right partial ramus 
with i3—cl alveoli, pi, p2 alveolus—ml, and 
m2 alveolus. North End lower layer; F:AM 
27294, crushed partial skull with PI alveo¬ 


lus-M2 (P2 broken). North End; F:AM 
27296, left partial ramus with p2—ml, Hem- 
icyon Stratum; F:AM 27298, right partial ra¬ 
mus with il—pi alveoli, p2—m2, and m3 al¬ 
veolus, North End lower layer; F:AM 
27298A, right partial ramus with i 1—i3 al¬ 
veoli and cl—ml (pi alveolus and p2 bro¬ 
ken), Hemicyon Stratum; F:AM 27298B, left 
ramus fragment with p4— ml, Hemicyon Stra¬ 
tum; F:AM 27524, right maxillary fragment 
with P3 broken, P4-M2, North End; F:AM 
27525, right ramus fragment with i 1—i3 
roots, cl root, pi—p3, p4—ml roots, and m2— 
m3. North End; F:AM 27526, right maxillary 
fragment with P4-M2 (Ml broken); F:AM 
27528, right and left partial rami cl, p2-m2, 
and m3 alveolus; F:AM 27534, partial skull 
with 11-13, Cl broken, and P1-M2, Mayday 
Quarry; F:AM 27541, right partial ramus 
with il—pi alveoli, p2—m2, and m3 alveolus. 
Skyline Quarry; F:AM 27547, left partial ra¬ 
mus with pi alveolus, p2—ml, and m2—m3 
alveoli. Skyline Quarry; F:AM 27548, 
crushed skull with 11-12 alveoli and I3-M2 
and mandible with il—m3 (fig. 65E—G), Sky¬ 
line Quarry; F:AM 61010, right partial max¬ 
illary P4— Ml all broken. New Year Quarry; 
F:AM 61044, left partial ramus with cl, pl- 
p2 alveoli, p3 broken—ml, and m2 broken, 
North End; F:AM 61045, right partial ramus 
with cl and pi alveolus—ml. Skyline Quarry; 
F:AM 61046, right partial maxillary with 
P4-M2, Hidden Hollow Quarry; F:AM 
61047, left partial maxillary with P4-M2 
(Ml alveolus). Leader Quarry; F:AM 61048, 
left partial maxillary with P4 broken—M2, 
Mayday Quarry; F:AM 61049, right and left 
rami with i2—i3 alveoli and cl—m3 (pi al¬ 
veolus), Skyline Quarry; F:AM 61050, left 
partial ramus with p3 alveolus, p4 broken— 
m2, and m3 alveolus, Skyline Quarry; F:AM 
61051, right partial ramus cl—p4 alveoli, ml 
broken, and m2—m3 alveoli. North End; F: 
AM 61052, left partial ramus cl broken, pi— 
p2 alveoli, p3—ml, and m2—m3 alveoli. Sky¬ 
line Quarry; F:AM 61053, right partial ramus 
with p2—ml all broken, and m2 alveolus. 
Yule Tide Quarry; F:AM 61054, right partial 
ramus cl broken—pi alveolus and p2—m2. 
New Hope Quarry; F:AM 61055, left partial 
ramus with p3—m2 all erupting. Leader Quar¬ 
ry; F:AM 61057, crushed skull with I1-P3 
alveoli and P4 broken—M2, Hidden Hollow 



1999 


WANG ET AL.: SYSTEMATICS OF BOROPHAGINAE 


147 


Quarry; F:AM 61058, crushed partial skull 
with P3-M2 all broken. Skyline Quarry; F: 
AM 61058A, crushed partial skull with Cl- 
P1 alveolus and P2-M2, Skyline Quarry; F: 
AM 61058B, left partial ramus with cl-p3 
alveoli, p4—m2, and m3 alveolus. Skyline 
Quarry; F:AM 61058C, right partial ramus 
with p4 broken—ml. Skyline Quarry; F:AM 
61059, anterior part of skull with 11-12, 13- 
C1 both broken, and P1-M2 and both partial 
rami with cl broken—m3, Leader Quarry; F: 
AM 61060, left partial maxillary P3-M2, 
Leader Quarry; F:AM 61061, left partial 
maxillary with P3 alveolus—M2, Leader 
Quarry; F:AM 61062, right partial ramus 
with i3—p4 and ml broken, Leader Quarry; 
F:AM 67129, right partial ramus cl broken— 
m2 (p3, p4, and ml all broken), 2 ft above 
Skyline Quarry; F:AM 67131, right ramus 
fragment with p2—p3 alveoli and p4— ml both 
broken. Skyline Quarry; and F:AM 67146, 
left partial ramus with pi—p3 alveoli and p4— 
ml. Leader Quarry. 

Pawnee Creek Formation (late early Bar- 
stovian), near Grover, Weld County, Colo¬ 
rado: F:AM 28322, left isolated Ml, Pawnee 
Creek area; F:AM 28346, left partial maxil¬ 
lary with P4 broken—M2, north of 3 Points 
Pit and 40 ft above East and West Pits; F: 
AM 67877, distal part humerus. Pawnee 
Quarry; F:AM 67878, left radius. Pawnee 
Quarry; and F:AM 105258, left partial ramus 
with cl alveolus, p2—p4 all broken, ml—m2, 
and m3 alveolus, R. Day Ranch, 3 Points, 
west side. 

“Gerrys Ranch” (see Galbreath, 1953: 
100), Ogallala Group (?early Barstovian), 
Weld County, Colorado: YPM 12812, left ra- 
mal fragment with p3—ml (holotype of Noth- 
ocyon vulpinus coloradoensis Thorpe, 
1922b: 430, fig. 2). 

Horse Quarry, Pawnee Creek Formation 
(early late Barstovian), near Grover, Weld 
County, Colorado: F:AM 28320A, left partial 
ramus with pi—p2 alveoli, p3 broken—p4, and 
ml broken; F:AM 28321, right and left eden¬ 
tulous rami with p2—m3 alveoli; F:AM 
28353, left ramus with cl, pi— p2 alveoli, p3— 
m2, and m3 alveolus; and F:AM 61041, right 
partial ramus with p3 broken, p4, ml broken, 
and m2 alveolus. 

Martin Canyon, Ogallala Group (early late 
Barstovian), Cedar Creek, horizon E, Weld 


County, Colorado: AMNH 9041, right partial 
ramus with p2—ml (p3 broken) and m2 al¬ 
veolus. 

Pojoaque Member of the Tesuque Forma¬ 
tion (early late Barstovian), Santa Fe and Rio 
Arriba counties. New Mexico: F:AM 27376, 
right partial ramus with cl root and pi—ml 
all broken; F:AM 27377, right partial ramus 
with cl broken, and p2—ml all broken. Cam¬ 
el Area; F:AM 27378, right and left partial 
rami with cl and p2—m3. Third Division; F: 
AM 27392, right partial ramus with m2-m3, 
lower Pojoaque Bluffs; F:AM 27393, right 
partial ramus with p2—m2 all broken and m3, 
Santa Fe general area; F:AM 27398, palate 
with 11—M2 (fig. 66F), Santa Cruz; F:AM 
27398X, partial skull with Cl broken-M2 
and both rami with cl—pi alveoli and p2 bro¬ 
ken—m3 (fig. 66A—E), Pojoaque Bluffs; F: 
AM 27398Y, partial skull with 13 alveolus. 
Cl broken, P1-P2 alveoli, and P3 broken- 
M2, Pojoaque; F:AM 50184, partial mandi¬ 
ble with il—p2 roots and p2—m3 all broken, 
Santa Cruz, east of Tesuque fault, top of light 
band; F:AM 50185, partial left ramus with 
cl broken, pi—p2 alveoli, and p3—ml, Te¬ 
suque area; F:AM 50186, right partial ramus 
with p3 alveolus, p4—ml both broken, and 
m2-m3 alveoli, Tesuque area; F:AM 50203, 
anterior part of skull with 11—M2 all broken 
and eroded and associated (but possibly not 
from the same individual) right and left par¬ 
tial rami with cl broken—m3 (m2 broken), 
south Santa Cruz; F:AM 62770, partial skull 
with 11-13 alveoli. Cl broken, P1-P3 alveoli, 
and P4—M2, West Cuyamunque; F:AM 
62772, right ramal fragment with p4 alveo¬ 
lus—ml and m2 root. West Cuyamunque; and 
F:AM 67339, right and left partial rami with 
il—m2 all broken, seventh wash, Santa Cruz 
area. 

South fork of Three Sands Hills Wash, Rio 
del Oso—Abiquiu locality, Chama El Rito 
Member, Tesuque Formation (late Barstovi¬ 
an), Rio Arriba County, New Mexico: F:AM 
50181, left partial maxillary with P1-P4 al¬ 
veoli and Ml broken-M2. 

Jemez Creek Area, tributary of Canyada 
De Zia, Zia Formation (unnamed beds above 
the Zia Sand of Galusha, 1966) (late early 
Barstovian), Sandoval County, New Mexico: 
F:AM 50191, crushed partial skull with P2- 
M2, greenish sand; and F:AM 50193, right 
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partial ramus with il—p4 and ml—m3 alveoli, 
greenish sand. 

Jemez Creek Area, tributary of Canyada 
De Zia, Zia Formation (unnamed beds above 
the Zia Sand of Galusha, 1966) (early late 
Barstovian), Sandoval County, New Mexico: 
F:AM 50190, skull fragment, incomplete at¬ 
las and axis, left maxillary fragment with 
P4-M2 and right isolated P4-M1, and right 
and left partial rami with p2 alveolus—m2 
(ml broken) and m3 alveolus, channel above 
the cliff-forming sands. 

Cedar Springs Draw Local Fauna (early 
late Barstovian), Browns Park Formation, 
Moffat County, Colorado (list following 
Honey and Izett, 1988: 20): USGS D856-1, 
anterior part of skull with Ml broken and 
M2, right ramus with cl—p2 alveoli, and p3 
broken—m3; and USGS D856-2, right pre¬ 
maxillary and maxillary with 13—PI. 

Distribution: Late Hemingfordian of New 
Mexico; early Barstovian of Nevada, Cali¬ 
fornia, New Mexico, Nebraska, and Colora¬ 
do; late Barstovian of Texas, California, Col¬ 
orado, and New Mexico. 

Emended Diagnosis: As for genus. 

Description and Comparison: Although 
earlier descriptions of this species by Mat¬ 
thew (1918, 1924) were based on fairly com¬ 
plete skull and lower jaws, a much larger 
sample of Microtomarctus conferta is now 
available that covers a much larger geo¬ 
graphic region than was originally known. 
The most conspicuous feature about M. con¬ 
ferta is its small size as compared to most 
other Tomarctus-Wkc taxa, both more primi¬ 
tive and derived than M. conferta. This re¬ 
duction in size is also accompanied by a 
slightly brachycephalic skull with a short 
temporal fossa (length of M2 to bulla in fig. 
62). Thus, the rostrum is relatively short and 
the premolars tend to imbricate slightly. Be¬ 
sides this small size, the only other derived 
cranial character of M. conferta that distin¬ 
guishes it from the more primitive Psalido- 
cyon, cynarctines, and Metatomarctus is a 
posteriorly expanded nuchal crest, which 
overhangs the occipital condyle. In posterior 
view, the nuchal crest is more quadrate in¬ 
stead of the fan-shape crest in Psalidocyon, 
Paracynarctus, Cynarctus, and other genera. 
Accompanying this expansion of the nuchal 
crest is a reduction of the lambdoidal crest 


above the mastoid process. The lambdoidal 
crest becomes indistinct and does not project 
to form a thin crest as in more primitive taxa. 
A dissected frontal area (F:AM 61038) 
shows that the frontal sinus lacks an elabo¬ 
rate system of septa first seen in Protomarc- 
tus, but is relatively more expanded in the 
postorbital constriction than in Psalidocyon 
and more primitive taxa (fig. 62). Also prim¬ 
itive is a relatively large opening of external 
auditory meatus in M. conferta, in contrast 
to the reduced openings in Protomarctus. 

Dentally, Microtomarctus conferta shares 
with Psalidocyon a distinct P4 parastyle that 
is formed from the raised anterior cingulum. 
This parastyle is sharp-edged and distinctly 
triangular in anterior view. The 13 has a 
small lateral cusplet only, in contrast to the 
larger and more numerous cusplets in To- 
marctus. Corresponding to the smaller body 
size, the sizes of the teeth are more or less 
proportionally reduced as compared with 
those of Metatomarctus. 

Discussion: Henshaw (1942: 105) con¬ 
trasted his Tomarctus paula (emended by 
Honey and Izett, 1988: 23; see also etymol¬ 
ogy under T. brevirostris) from conferta in 
the following manner: “P4 elongate with 
protocone set very far forward. Upper molars 
very wide transversely. Lower dentition dif¬ 
fers from T. conferta type in narrower pre¬ 
molars with only moderately high cusps, ml 
short, not compressed, m2 moderately long 
and narrow.” Such differences are quite sub¬ 
tle between the Lower Snake Creek and Ton- 
opah samples, and are readily subsumed 
within the normal range of variation of a spe¬ 
cies given the large sample from the wide 
geologic and geographic distribution deter¬ 
mined in this study. Therefore, on morpho¬ 
logical ground, T. paulus is considered syn¬ 
onymous with Microtomarctus conferta. 

A few individuals presently referred to 
Protomarctus optatus from the Sheep Creek 
Formation (e.g., AMNH 20498, F:AM 
61281) have nearly identical dental dimen¬ 
sions as some of the large individuals of Mi¬ 
crotomarctus conferta. These individuals, 
however, have a narrowed external auditory 
meatus, and thus belong to P. optatus rather 
than M. conferta. 

The small size of Microtomarctus conferta 
is here interpreted to be a result of size re- 



1999 


WANG ET AL.: SYSTEMATICS OF BOROPHAGINAE 


149 


duction, as is implied in our phylogeny. The 
successively more primitive outgroups ( Psal- 
idocyon, primitive species of cynarctines, 
and Metatomarctus) are all larger than Mi- 
crotomarctus, as are Protomarctus and more 
derived taxa. Size reduction is rare in canids, 
and occurs only within Cynarctus (see fur¬ 
ther discussion under C. crucidens ) up to this 
point of phylogeny of the borophagines (lat¬ 
er, Aelurodon stirtoni and Borophagus ore 
also underwent size reduction). The presence 
of large samples of M. conferta suggests the 
prevalence of a species in the early Barsto- 
vian that successfully occupied a mesocar- 
nivorous niche previously held by mostly 
hesperocyonine canids and amphicyonids. 

This size reduction is especially pro¬ 
nounced in the New Mexico sample. Thus, 
the late Hemingfordian individuals (e.g., F: 
AM 50143, 67373) are among the largest Mi- 
crotomarctus conferta (ml length of 17 mm), 
whereas a few individuals from the late Bar- 
stovian of Santa Cruz area (F:AM 50203, 
62770, 62772, 67339) are among the small¬ 
est (ml length of 13.0-14.5 mm). These in¬ 
dividuals are, on average, 12% smaller than 
the rest of specimens referred to M. conferta. 
Although such size difference may be more 
than that between some closely related spe¬ 
cies recognized in this study, we failed to 
find any other morphological features to in¬ 
dicate divergence within conferta. We thus 
regard the small size of these individuals as 
intraspecific variation, or due to anagenetic 
processes near the end of the M. conferta lin¬ 
eage. 

Protomarctus , new genus 

Type Species: Tomarctus optatus Mat¬ 
thew, 1924. 

Etymology: Greek: pro , before; in allu¬ 
sion to its ancestral status to Tomarctus. 

Included Species: Type species only. 

Distribution: Early Hemingfordian of 
Colorado and New Mexico; and late Hem¬ 
ingfordian of Nebraska, Wyoming, and Cal¬ 
ifornia. 

Diagnosis: Protomarctus is derived with 
respect to Microtomarctus and more primi¬ 
tive taxa in its multichambered frontal sinus 
that reaches to, or slightly passes, the frontal- 
parietal suture and its narrowed opening for 


external auditory meatus. On the other hand, 
Protomarctus is primitive with respect to Te- 
phrocyon, Aelurodontina, and Borophagina 
in its less enlarged postorbital process of 
frontal. Protomarctus can be further distin¬ 
guished from Aelurodontina in its primitive 
features such as less broadened forehead, 
palate not widened, nuchal crest not laterally 
compressed, premolars not enlarged. Ml 
paracone not high-crowned and with a dis¬ 
tinct metaconule, ml metaconid and ento- 
conid unreduced, and m2 metaconid unred¬ 
uced. Protomarctus is distinct from primitive 
members of Borophagina, such as Parato- 
marctus and Carpocyon, in its absence of the 
following derived characters: prominently 
domed forehead, a short tube for auditory 
meatus, reduced premolars with weakened 
cusplets, p4 enlarged relative to p2—p3, and 
reduced P4 protocone. 

Protomarctus optatus (Matthew, 1924) 
Figure 67 

Tomarctus optatus Matthew, 1924: 98. figs. 18. 

19. Skinner et al„ 1977: 342. Munthe, 1988: 87; 

1998: 135. 

Tephrocvon ( Canis) temerarius (Leidy, 1858): Pe¬ 
terson, 1910: 268, fig. 63 (CMNH 2404). 
Tephrocyon temerarius (Leidy): Merriam, 1913: 

366, fig. 7 (CMNH 2404). 

Tomarctus brevirostris (Cope. 1873): Downs, 

1956: 233. 

Tomarctus cf. T. optatus (Matthew): Galusha, 

1975b: 56. 

Holotype: AMNH 18916, mandible with 
il— cl, pi alveolus, and p2—m3 (fig. 67A, B) 
from Thomson Quarry (Skinner et al., 1977: 
342), east side of Stonehouse Draw, Sheep 
Creek Formation (late Hemingfordian), 
Sioux County, Nebraska. 

Referred Specimens: Martin Canyon 
Quarry A (KUVP loc. CO-48), Martin Can¬ 
yon beds (early Hemingfordian), Logan 
County, Colorado: KUVP 45128, left max¬ 
illary with P4-M2. 

Sheep Creek Formation (late Hemingfor¬ 
dian), Sioux County, Nebraska: Stonehouse 
Draw: AMNH 14175, right partial ramus 
with p4-ml and p3 and m2 alveoli; AMNH 
14176, right partial maxillary with P4—Ml 
and M2 alveolus (Matthew, 1924: fig. 19); 
AMNH 18236, right immature partial ramus 
with cl erupting, dp3 broken—dp4, and ml 
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unerupted, Ashbrook Pasture, Sinclair Draw; 
AMNH 18669, right partial maxillary with 
P4-M2 and left partial maxillary with P4 
root and Ml—M2 (another individual), Ash¬ 
brook Pasture; AMNH 18915, right ramus 
with cl-m3; AMNH 18917, right partial ra¬ 
mus with ml—m2 and m3 alveolus; AMNH 
18918, right partial ramus with p4—m2 (ml 
broken) and m3 alveolus; AMNH 20494, left 
partial maxillary with M1-M2; AMNH 
20498, partial skull with II—PI alveoli, P2, 
P3 alveolus, and P4-M1; AMNH 20499, 
right maxillary with P4-M2; AMNH 20500, 
right partial ramus with p3 alveolus—m2; 
AMNH 21445, right partial ramus with cl, 
pi—p2 alveoli, p3—m2, and m3 alveolus; 
AMNH 26904, left partial ramus with ml 
(cl—p4 and m2 all alveoli); AMNH 26905, 
left partial ramus with cl—p2 alveoli and ml. 
Thomson Quarry: F:AM 61244, left partial 
ramus with p2—p4 alveoli and ml—m3; F:AM 
61245, right partial ramus with pi—p3 alve¬ 
oli, p4-m2, and m3 alveolus; F:AM 61246, 
left partial ramus with cl, pi alveolus—ml 
(p4 broken), and m2 alveolus; F:AM 61247, 
right partial ramus with i 1—p3 alveoli, p4— 
ml, and m2 broken—m3 alveolus; F:AM 
61254, right partial ramus with il—pi alveoli, 
p2-m2, and m3 alveolus; F:AM 61255, right 
partial ramus with il alveolus—m2 (p3 bro¬ 
ken) and m3 alveolus; F:AM 61257, left par¬ 
tial ramus with cl—p2, p3 alveolus—m2, and 
m3 alveolus; F:AM 61266, right partial ra¬ 
mus with il—pi alveoli, p2 broken—m2, and 
m3 alveolus; F:AM 61271, left partial ramus 
with cl broken, p2, p3—m2, pi, and p3 and 
m3 alveoli; F:AM 61272, right ramus with 
cl—pi alveoli, p2—m2, and m3 alveolus (fig. 
67C, D); F:AM 61273H, left partial ramus 
with ml-m2; F:AM 612731, right partial ra¬ 
mus with p2—ml all broken, m2, and m3 al¬ 
veolus; F:AM 61279, posterior part of skull, 
premaxillary-maxillary fragment with II al¬ 
veolus, 12—13, and broken Cl alveolus, right 
and left detached maxillary fragments with 
P3 broken—Ml and associated limbs 
(61279A—D) of two or more individuals in¬ 
cluding F:AM 61279A, humerus and partial 
femur; F:AM 61279B, immature right partial 
femur; F:AM 61279C, immature left tibia; F: 
AM 61279D, left tibia and right partial tibia, 
patella, left calcaneum and astragalus, tarsals, 
metatarsal I, right and left metatarsals IV 


(two individuals), and two first phalanges; F: 
AM 61281, partial skull with 11-13 alveoli, 
C1-P4 (PI alveolus), and M l-M2 alveoli; F: 
AM 61287, right partial maxillary with P3 
broken-M2; F:AM 61291, left partial max¬ 
illary with P4-M1; and F:AM 61294, right 
partial maxillary with P2—P4. Greenside 
Quarry: F:AM 61249, left ramus with cl-m2 
(pi and m3 alveoli); F:AM 61250, right par¬ 
tial ramus with il—pi alveoli, p2, p3 alveo¬ 
lus, p4—ml, and m2—m3 alveoli; F:AM 
61251, left ramus with cl—m3 (pi alveolus); 
F:AM 61252, left partial ramus with i3—p 1 
alveoli, p2—m2, and m3 alveolus; F:AM 
61253, left partial ramus with il—p2 alveoli, 
p3, p4 alveolus, ml, and m2—m3 alveoli; F: 
AM 61260, left partial ramus with cl—ml 
(pi alveolus); F:AM 61262, right ramus with 
i 1—i3 alveoli, cl—m2, and m3 alveolus; F: 
AM 61267, left ramus with i 1—i3 alveoli, cl- 
p2 broken, and p3-m3; F:AM 61269, left ra¬ 
mus with cl—pi alveoli, p2—m2, and m3 al¬ 
veolus; F:AM 61273G, left partial ramus 
with p4—m2 and m3 unerupted; F:AM 
61273J, right ramal fragments with cl—ml 
broken (pi alveolus), and m2 broken—m3; F: 
AM 61273K, right partial ramus with m2 and 
m3 alveolus; F:AM 61273L, left ramal frag¬ 
ment with p3—p4 and ml—m3 alveoli; F:AM 
61273N, left ramal fragment with m2-m3; F: 
AM 61274, skull with II alveolus-M2; F: 
AM 61275, right partial maxillary with Cl— 
P1 alveoli and P2-M2; F:AM 61277, right 
partial maxillary with Cl—P3 alveoli, P4— 
Ml, and M2 alveolus; F:AM 61278, skull 
with 11-12 alveoli and I3-M2 (PI alveolus) 
(fig. 67E-G); F:AM 61280, partial skull with 
11-13 alveoli and C1-M2 (P3 alveolus); F: 
AM 61285, right partial maxillary with P4- 
M2; and F:AM 61289, right partial maxillary 
with P4-M2. Long Quarry: F:AM 25288, 
left partial ramus with cl and pi alveolus— 
ml; F:AM 61018, left partial ramus with pi 
alveolus—m2 (p3 root and ml broken); F:AM 
61258, left partial ramus with cl broken, pi 
alveolus—ml, and m2 broken—m3 alveolus; 
F:AM 61261, right partial ramus with cl bro- 
ken-pl alveolus and p2-ml; F:AM 61263, 
left ramus with cl—p2 alveoli, p3—m2, and 
m3 alveolus; F:AM 61264, right ramus with 
cl, pi—p3 alveoli, p4— m2, and m3 alveolus; 
F:AM 61268, right partial ramus with cl—m3 
(pi alveolus); F:AM 61273B, left partial ra- 
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mus with pi—p3 alveoli and p4— ml; F:AM 
61273D, right partial ramus with ml; F:AM 
61282, left maxillary with Cl-Pl alveoli, P2 
broken—Ml, and M2 broken; F:AM 61284, 
left premaxillarymaxillary with 11—12 alveo¬ 
li, 13 broken-Cl, PI alveolus-P3, and P4 
broken; F:AM 61288, skull fragments and 
left partial maxillary with P4-M2; and F:AM 
61293, left partial maxillary with P4 broken— 
M2. Hilltop Quarry: F:AM 61248, right ra¬ 
mus with i 1—i3 alveoli, cl, pi—p2 alveoli, 
and p3—m3; F:AM 61256, right partial ramus 
with cl, pi— p2 alveoli, and p3—m2; F:AM 
61265, right ramus with i3—cl all broken, 
pl-m2, and m3 alveolus; F:AM 61273, left 
partial ramus with p3—ml, and m2 alveolus; 
F:AM 61273E, right partial ramus with p3- 
p4 alveoli, ml—m2, and m3 alveolus; F:AM 
61273F, right partial ramus with ml and m2— 
m3 alveoli; F:AM 61286, left isolated P4; 
and F:AM 61290, left partial maxillary with 
P4-M1. Ashbrook Quarry: F:AM 61270, 
right ramus with cl—m2 and m3 alveolus; F: 
AM 61273C, right ramal fragment with de¬ 
tached p4 and ml-m2; F:AM 61273M, left 
partial ramus with cl—p3 all broken or al¬ 
veoli and p4; and F:AM 61276, left maxil¬ 
lary with C1-P3 alveoli, P4-M1 both bro¬ 
ken, and M2. Watson Ranch: F:AM 61292, 
right partial maxillary with P4—M2. Thistle 
Quarry: F:AM 61273A, right ramal fragment 
with ml and m2 alveolus; and F:AM 61283, 
left maxillary with Cl-M2 (P1-P2 alveoli). 
Vista Quarry: F:AM 61259, right ramus with 
cl—ml (pi alveolus) and m2—m3 alveoli. Ra¬ 
vine Quarry: F:AM 61135, left partial ramus 
with i3—pi alveoli, p2, p3 alveolus—ml, m2 
broken, and m3 alveolus. Conference Quar¬ 
ry: F:AM 105255, right partial ramus with 
p4—ml both broken, m2, and m3 alveolus. 
Northwest of Snake Den Hill, 55 ft above 
base of Sheep Creek Formation: F:AM 
105256, right ramal fragment with p4 broken 
and ml—m2. 

Whistle Creek, Runningwater or Sheep 
Creek Formation (Hemingfordian), Sioux 
County, Nebraska: CMNH 2404, left partial 
ramus with p4—m2 and m3 alveolus (referred 
to Tephrocyon ( Canis) temerarius by Peter¬ 
son, 1910: 268, fig. 63 and Merriam, 1913: 
366, fig. 7). 

Rocks temporally equivalent to the Sheep 
Creek Formation (late Hemingfordian), 


Dawes County, Nebraska: Ginn Quarry: F: 
AM 54493, right maxillary with C1-M2 (PI 
alveolus); F:AM 54494, right partial maxil¬ 
lary with P4-M1 and M2 alveolus; F:AM 
54495, left ramus with cl broken, pi—p3 al¬ 
veoli, p4— m2, and m3 alveolus; F:AM 
61183, anterior part of skull with 11—PI al¬ 
veoli, P2, and P3 alveolus-M2; and F:AM 
61184, left partial maxillary with M1-M2. 
“G” Quarry: F:AM 49195, right ramus with 
cl—p4, ml alveolus, m2, and m3 alveolus. 

Sand Canyon Region, Red Valley Mem¬ 
ber, Box Butte Formation (late Hemingfor¬ 
dian), Box Butte County, Nebraska: F:AM 
95279, crushed palate with II—M2 and man¬ 
dible with il—ml, and m2 broken (referred 
to Tomarctus cf. T. optatus by Galusha, 
1975b: 56). 

Box Butte Formation (late Hemingfordi¬ 
an), Box Butte County, Nebraska: UNSM 
25652 (AMNH cast 97101), left partial max¬ 
illary with P4-M1 and M2 alveolus, UNSM 
loc. Bx-0. 

Split Rock Formation (late Hemingfordi¬ 
an), Granite Mountain, Fremont County, Wy¬ 
oming (as listed in Munthe, 1988: 87): 
CMNH 14709, M2, from UCMP loc. 
V69192; UCMP 121910, partial skull with 
13—M2 (PI alveolus), UCMP loc. V77155; 
and UCMP 121911, Ml, from UCMP loc. 
V69190. 

Arroyo Pueblo drainage, near middle of 
Chamisa Mesa Member, Zia Formation (ear¬ 
ly Hemingfordian), Sandoval County, New 
Mexico: Blick Quarry: F:AM 50198, imma¬ 
ture partial skull with dCl, PI, dP2-dP4, P2- 
P3 unerupted, and P4—M2 erupting, and 
mandible with dil—di2, i3 broken, del, pi, 
dp2 broken—dp4, p2—p4 unerupted, and ml— 
m2 erupting. Cynarctoides Prospect: F:AM 
62777, palate with C1-P2 alveoli, and P3 
broken-M2. 

Barstow area, Barstow Formation (late late 
Hemingfordian), San Bernardino County, 
California: Rak Division: F:AM 27149, 
crushed skull with 13 alveolus—Cl broken, 
P1-P3 broken, and P4-M2. Third Division: 
F:AM 27288, right and left partial rami with 
cl, pi—p2 alveoli, and p3—m2. 

Distribution: Early Hemingfordian of 
Colorado and New Mexico; and late Hem¬ 
ingfordian of Nebraska, Wyoming, and Cal¬ 
ifornia. 
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Emended Diagnosis: As for genus. 

Description and Comparison: Numerous 
upper and lower jaws as well as several 
skulls permit good knowledge of the cranial 
and dental morphology of Protomarctus op- 
tatus and its variation. Most of the specimens 
are represented by materials from the Sheep 
Creek Formation or equivalent strata in the 
northern Great Plains. Specimens from the 
various quarries in the Sheep Creek Forma¬ 
tion constitute a fairly uniform sample, ex¬ 
cept for a few individuals (e.g., AMNH 
20498, F:AM 54493, 61184, 61281) that ap¬ 
proach the upper range of Microtomarctus 
conferta. 

Protomarctus optatus is on average 27% 
(basal length of skull) larger than Microto¬ 
marctus conferta and is approximately the 
same size as Desmocyon, whereas it is about 
12% (basal length of skull; 11% for ml 
length) smaller than Tomarctus hippophaga. 
The frontal sinus is noticeably more inflated 
than in Desmocyon and Microtomarctus. Ex¬ 
ternally, the forehead is more domed than the 
latter genera, and this inflation can be seen 
to pass behind the frontal-parietal suture. A 
dissected specimen of P. optatus (F:AM 
61278) reveals that the sinus extends beyond 
the frontal-parietal suture by more than 5 
mm. The frontal bone in this skull also bears 
partial septa (at least two) that partition the 
sinus into chambers. The diagonally oriented 
septa form either a vertical partitioning of the 
sinus or they bend horizontally to enclose a 
partial chamber. Skulls from Thomson Quar¬ 
ry (F:AM 61279 and 61281) generally show 
less inflation than those from Greenside 
Quarry (F:AM 61274, 61278, 61280), de¬ 
spite the higher stratigraphic position of the 
former. 

The premaxillary process is in full contact 
with the nasal process of the frontal. As in 
Microtomarctus conferta, the nuchal crest of 
Protomarctus optatus is posteriorly expand¬ 
ed to overhang the occipital condyle. The 
bulla is inflated ventrally and in the postero¬ 
lateral corner in front of the paroccipital pro¬ 
cess. The external auditory meatus has a 
smaller opening than in M. conferta, and the 
ectotympanic forms a short lip surrounding 
the meatus. 

Dentally, Protomarctus optatus is little 
more derived than Desmocyon matthewi and 


Microtomarctus except for its two additional 
lateral cusplets on 13. On the other hand, pre¬ 
molars of P. optatus are primitive with re¬ 
spect to both Aelurodontina and Borophagi- 
na clades: they are not as uniformly enlarged 
as in the Aelurodontina (first developed in 
Tomarctus hippophaga), nor as uniformly re¬ 
duced as in Paratomarctus in the Borophag- 
ina clade. 

Two specimens from the early Hemingfor- 
dian Chamisa Mesa Member of the Zia For¬ 
mation, New Mexico, are referred to this spe¬ 
cies (Munthe [1988: 89] listed “Zia Sand” 
under the geographic distribution of Tomarc¬ 
tus optatus, probably based on the same F: 
AM specimens, but did not elaborate). The 
New Mexico individuals are slightly larger 
than those from the northern Great Plains, 
but their P4 parastyles are less distinctly 
formed. Other than these variations, the New 
Mexico specimens are a close match with the 
topotype series from Nebraska. 

Discussion: Matthew (1924) compared his 
newly erected Tomarctus optatus with “T. 
brevirostris ” (now T. hippophaga) and T. 
temerarius (Paratomarctus) and found it to 
be somewhat intermediate in size and mor¬ 
phology. He (1924: 100) noted that the 
“smaller size and somewhat more slender 
proportions” were the only distinctions of T. 
optatus when compared to T. hippophaga. In 
fact, he suggested that T. optatus may be a 
“primitive mutant” of T. hippophaga, but 
preferred to hold the names distinct pending 
further evidence. Even with the complete 
cranial materials available to this study, Mat¬ 
thew’s observation is essentially correct; that 
is, differences between these two species are 
small (as also are between Protomarctus op¬ 
tatus and Paratomarctus temerarius). Be¬ 
sides the small size and slender teeth noted 
by Matthew, the only cranial features we can 
add are the primitively narrow frontal shield 
and the less enlarged postorbital process of 
the frontal in optatus. As indicated by the 
primitive states of these features in optatus, 
we recognize it as a critically positioned tax¬ 
on on the verge of giving rise to two great 
Borophagini clades: Aelurodontina and Bor- 
ophagina. Protomarctus optatus possesses 
the right combination of morphology and is 
in the right stratigraphic level to be ancestral 
to both clades. 
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Galusha (1975b: 56) noted the transitional 
nature of an anterior skull fragment and its 
associated mandible (F:AM 95279) from the 
Red Valley Member of Box Butte Formation. 
Its dental morphology is intermediate be¬ 
tween that of Desmocyon matthewi of the 
Runningwater Formation and that of Proto- 
marctus optatus from the Sheep Creek For¬ 
mation. The teeth of F:AM 95279 are very 
close to the average dental dimensions of 
both Metatomarctus canavus and P. optatus. 
Its 13 has two lateral accessory cusplets, in 
contrast to one cusplet in Protomarctus and 
Microtomarctus, and its P4 bears a distinct 
parastyle, although the latter still does not as¬ 
sume the prominence shown by most indi¬ 
viduals of P. optatus from the Sheep Creek 
Formation. We agree with Galusha (1975b) 
that despite its intermediate morphology and 
stratigraphic relationship, F:AM 95279 has 
essentially reached the general stage of de¬ 
velopment of P. optatus. 

Tephrocyon Merriam, 1906 

Type Species: Canis rurestris Condon, 
1896. 

Included Species: Type species only. 

Distribution: Early Barstovian of Oregon 
and Texas. 

Emended Diagnosis: Tephrocyon is de¬ 
rived with respect to Protomarctus and more 
primitive taxa in its larger size, more pro¬ 
nounced postorbital process of frontal (a 
character also shared with Aelurodontina and 
Borophagina), slightly more broadened pal¬ 
ate, and an elongated m2 (an autapomorphy). 
Tephrocyon is distinguishable from Aeluro¬ 
dontina in its primitive characters such as nu¬ 
chal crest not laterally compressed, premo¬ 
lars not enlarged. Ml paracone not high- 
crowned and with a distinct metaconule, ml 
metaconid and entoconid unreduced, and m2 
metaconid unreduced. On the other hand, Te¬ 
phrocyon differs from members of Boro¬ 
phagina in its lack of the following derived 
characters: domed forehead, short tube for 
auditory meatus, small premolars with re¬ 
duced cusplets, p4 enlarged relative to p2— 
p3, and reduced P4 protocone. 

Discussion: Shortly after Merriam’s 
(1906) establishment of Tephrocyon, a num¬ 
ber of medium-size taxa were referred to it 


by him (Merriam, 1913) and Tephrocyon 
quickly became a taxonomic wastebasket for 
many Canis- like taxa. The popularity of the 
genus, however, was diminished soon after 
Matthew’s (1924, 1930) influential studies of 
canid evolution. Matthew’s resurrection of 
Cope’s (1873) Tomarctus, which has priority 
over Tephrocyon, proved to be more endur¬ 
ing. Tephrocyon had since been rarely men¬ 
tioned in the literature, except in connection 
with its type species T. rurestris. 

Tephrocyon rurestris (Condon, 1896) 

Figure 68 

Canis rurestris Condon, 1896: 11, pi. 1. 
Tephrocyon rurestris (Condon): Merriam, 1906: 

6, pi. 1, figs. 1-3; 1913: 362, figs. 1—5. Thorpe, 

1922a: 175. Matthew, 1924: 89^ 

Tomarctus rurestris (Condon): Downs. 1956: 231. 

figs. 10, 11. Munthe. 1998: 135. 

Tomarctus cf. rurestris (Condon): Shotwell. 1968: 

37, fig. 14A. 

Tomarctus cf. T. kelloggi (Merriam): Shotwell. 

1968: 37, fig. 17E, F. 

Holotype: UO 23077 (AMNH cast 
97225), skull with Cl broken, PI alveolus- 
M2 (P3 broken), and mandible with cl—pi 
alveoli and p2—m3 (fig. 68) from near Cot¬ 
tonwood Creek, Mascall Formation (early 
Barstovian), Grant County, Oregon. 

Referred Specimens: From the Mascall 
type area, Oregon (referred by Downs, 1956; 
Shotwell, 1968): UCMP 39297, partial left 
ml (Downs, 1956: fig. 12c), UCMP loc. 
V4834; UO 24191, partial ramus with p4- 
ml; UO 24192, maxillary fragment with P4; 
YPM 12713, left P4, M1-M2, right P4, and 
left m2 and m3 (Downs, 1956: fig. 12a), Cot¬ 
tonwood Creek; YPM 12720, right ml 
(Downs, 1956: fig. 12b), Crooked Creek; and 
YPM 14312, left Ml (Downs, 1956: fig. 
12d). 

Red Basin Local Fauna, Butte Creek Vol¬ 
canic Sandstone (early Barstovian), Malheur 
County, Oregon: UO 20552, left ramal frag¬ 
ment with ml and m2—m3 alveoli; UO 
21499, isolated left m2; UO 21559 (Shot- 
well, 1968: fig. 17E, F), right ramal fragment 
with ml-m2; UO 22837, crushed right max¬ 
illary fragment with P4-M1; UO 23^32, iso¬ 
lated right Ml; UO 23386, isolated right P3; 
UO 23496, isolated left ml; and UO 23497, 
isolated left m2. 
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Distribution: Early Barstovian of Oregon. 

Emended Diagnosis: As for genus. 

Description and Comparison: The well- 
preserved holotype, UO 23077, is still the 
best material for this species. The geologi¬ 
cally younger Tephrocyon rurestris (early 
Barstovian) is larger than the older (Heming- 
fordian) Protomarctus optatus (14% larger in 
ml length, but a much smaller percentage in 
premolar length). The skull seems slightly 
more derived toward the Aelurodontina 
clade. There is a moderate frontal sinus, 
probably reaching to the frontal-parietal su¬ 
ture as suggested by its external profile. The 
forehead is quite flat, as is commonly the 
case in Aelurodontina but is in contrast to the 
domed profile in the Borophagina clade. The 
postorbital process of frontal is laterally ex¬ 
panded in contrast to a narrowed postorbital 
constriction, also a common occurrence of 
the aelurodontine clade (fig. 71). The sagittal 
crest is higher than in P. optatus and slightly 
overhangs the occipital condyle. The opening 
for the external auditory meatus is narrow. 
The palate shows an initial stage in the 
broadening seen in the aelurodontine clade. 

Dentally, Tephrocyon rurestris and Pro¬ 
tomarctus optatus are quite similar. Cheek¬ 
teeth for T. rurestris are proportionally slen¬ 
der (see fig. 72). The ml—m2 are also more 
elongated than in P. optatus. The premolars 
of T. rurestris are neither enlarged, as in the 
aelurodontines, nor reduced, as in Parato- 
marctus. 

Discussion: As the genoholotype of Te¬ 
phrocyon (Merriam, 1906), T. rurestris 
played an important role in shaping the early 
concept of a centrally positioned genus in the 
canid phylogeny, mostly because Merriam 
(1913) referred a number of mesocarnivorous 
taxa to it. Matthew’s (1924, 1930) authori¬ 
tative study on canid phylogeny, however, 
resurrected Cope’s earlier (1873) genus To- 
marctus as having priority. The Mascall T. 
rurestris has since been mostly regarded as 
just another species of Tomarctus (Downs, 
1956; Shotwell, 1968). Although our present 
phylogeny places T. rurestris in a trichotomy 
with the Aelurodontina and Borophagina 
clades, subtle features, such as flat forehead, 
broadened palate, and heightened sagittal 
crest, indicate that T. rurestris may be closer 
to the Aelurodontina side. However, T. ru¬ 


restris does not have the widened premolars 
that are a derived character for the aeluro¬ 
dontine clade. Lacking better samples of T. 
rurestris, it is not clear if the above-cited ae¬ 
lurodontine features are independent devel¬ 
opments or simply individual variation. In 
any case, the presence of an autapomorphy 
(i.e., an elongated m2) in T. rurestris and its 
entirely Columbia Plateau distribution sug¬ 
gest that it was not an anagenetic lineage 
leading directly to Tomarctus. 

Fragmentary specimens from the Red Ba¬ 
sin Local Fauna (Shotwell, 1968) are slightly 
smaller than the holotype of Tephrocyon ru¬ 
restris, but are otherwise consistent with 
most aspects of dental morphology of T. ru¬ 
restris, especially the slender, elongated m2. 
On the other hand, two rami from Trail Creek 
Quarry, Wyoming, referred to Tomarctus ru¬ 
restris by Voorhies (1965), are presently 
placed in Paratomarctus temerarius. 

Aelurodontina, new subtribe 

Type Genus: Aelurodon Leidy, 1858. 

Included Genera: Tomarctus Cope, 1873 
and Aelurodon Leidy, 1858. 

Distribution: Early Barstovian through 
late Clarendonian of North America. 

Diagnosis: A single synapomorphy unites 
all members of Aelurodontina: uniformly ro¬ 
bust lower premolars with distinct accessory 
cusplets. Advanced members of this clade 
further acquire derived characters, such as 
broadened palate, paroccipital process elon¬ 
gated with long free tip, anteromedial part of 
ramus strongly deflected laterally, high sag¬ 
ittal crest, nuchal crest laterally compressed 
and overhanging occipital condyle, 13 with 
three lateral accessory cusplets, Ml paracone 
high crowned. Ml metaconule small to ab¬ 
sent, ml metaconid reduced to absent, ml 
talonid short and narrow, ml entoconid small 
to absent, and m2 metaconid small to absent. 
Members of Aelurodontina generally lack the 
derived characters for the Borophagina clade: 
prominently domed forehead, shortened ros¬ 
trum, reduced 13 lateral cusplets, reduced an¬ 
terior premolars, reduced premolar cusplets, 
p4 enlarged relative to p2—p3, and reduced 
P4 protocone. 
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Tomarctus Cope, 1873 

Type Species: Tomarctus brevirostris 
Cope, 1873. 

Included Species: Tomarctus hippophaga 
(Matthew and Cook, 1909) and Tomarctus 
brevirostris Cope, 1873. 

Etymology: Simpson (in Honey and Izett, 
1988) has pointed out that Tomarctus is fem¬ 
inine in gender and the International Com¬ 
mission on Zoological Nomenclature (1985: 
article 31) states that adjectival species 
names must conform in gender with that of 
their genus. Although Tomarctus was assem¬ 
bled by Cope from Greek roots, he placed 
the Latin neuter brevirostris as its adjective. 
In this work we have tried to abide by ICZN 
article 31 and its directive article 34 to pro¬ 
vide justified emendation of species names 
associated with Tomarctus or its derivatives. 

Distribution: Early Barstovian of Colo¬ 
rado, Nebraska, New Mexico, and Califor¬ 
nia; and late Barstovian of Colorado and 
Texas. 

Emended Diagnosis: The single derived 
character that unites Tomarctus and the Ae- 
lurodon clade is the enlarged premolars. To¬ 
marctus is also distinguishable from Proto- 
marctus by its larger size, wider forehead, 
and more complex septa within the frontal 
sinus. Primitive characters that distinguish 
Tomarctus from Aelurodon are sagittal crest 
lower, bulla not hypertrophied, mastoid pro¬ 
cess small, P4 protocone less reduced, P4 
parastyle smaller, upper molars not reduced 
relative to P4, Ml lingual cingulum not re¬ 
stricted to the posterolingual border, ml tal- 
onid not narrowed, m2 less reduced, and m2 
metaconid approximately equal to protoconid 
in height. 

Discussion: Tomarctus is one of the most 
confused taxa in the studies of Tertiary ca¬ 
nids, both because of the many species that 
had been erected under this genus and be¬ 
cause of its purported central position in the 
line of descent to the living wolves ( Canis ) 
and foxes (Vulpes). This confusion originat¬ 
ed from Matthew’s (1924, 1930) early syn¬ 
theses of the phylogeny of the Canidae, 
which followed a scheme that recognized 
two dichotomous lines of canids, i.e., taxa 
with basined vs. trenchant ml talonids—a 
structure highly homoplastic throughout the 


history of canid evolution. Tomarctus, with 
a fully basined talonid, was thus postulated 
to be ancestral to not only all large boro- 
phagines, but also to all living canids with a 
basined talonid. Matthew’s scheme proved to 
be profoundly influential, and Tomarctus 
played an important role in nearly all past 
interpretations of the geological history of 
dogs. It is clear from our phylogenetic anal¬ 
ysis that, even allowing a horizontal (or gra¬ 
dational) classification, the various species 
referred to Tomarctus (sensu lato) occupy 
primitive positions in various clades of ad¬ 
vanced borophagines and are far removed 
from any living canid. Cladistically, Tomarc¬ 
tus is still a paraphyletic genus in the present 
classification and pertains to the Aelurodon- 
tina clade only. 

Tomarctus hippophaga 
(Matthew and Cook, 1909) 

Figures 69, 70 

Tephrocyon hippopliagus Matthew and Cook, 
1909:'373, fig. 4. Cook, 1912: 44. Merriam, 
1913: 364, fig. 6. Sinclair, 1915: 76. Matthew, 
1918: 185. Munthe, 1998: 135. 

Tomarctus brevirostris (Cope. 1873): Matthew, 
1924: 91. figs. 11-16 (in part). Colbert, 1939: 
65. Hough, 1948: 107 (AMNH 18243, misla¬ 
beled by Hough as AMNH 18234). 

Tomarctus hippophagus (Matthew and Cook): 
VanderHoof, 1931: 19. 

Holotype: AMNH 13836, right ramus 
with i2—i3 alveoli and cl—m2 (pi and m3 
alveoli) (fig. 69G, H), Quarry 2, East Sinclair 
Draw, Lower Snake Creek Fauna, Olcott 
Formation (early Barstovian), Sioux County, 
Nebraska. 

Referred Specimens: Lower Snake Creek 
Fauna, Olcott Formation (early Barstovian), 
Sioux County, Nebraska: Quarry A: AMNH 
18249, partial left ramus with cl—pi alveoli, 
p2-m2, and m3 alveolus; AMNH 18250, left 
partial maxillary with P4-M1; and AMNH 
18251 A, right ramus fragment with ml. 
Quarry B: AMNH 18242, skull with Il-Pl 
alveoli and P2—M2 (Matthew, 1924: figs. 12, 
13); AMNH 18247, right partial maxillary 
with P4 broken-M2; and AMNH 18248, left 
partial ramus with cl, pi—p3 alveoli, p4—m2, 
and m3 alveolus. Sheep Creek Quarry: 
AMNH 18243, skull with C1-M2 (PI alve¬ 
olus) (Matthew, 1924: figs. 14, 15); and 
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AMNH 18244, skull with 11, 12-PI alveoli, 
and P2—M2, and right partial ramus with c 1— 
pi alveoli, p2—m2, and m3 alveolus (Mat¬ 
thew, 1924: figs. 11, 16; fig. 70E-J). Echo 
Quarry: F:AM 61114, right partial ramus 
with il—p4 alveoli, ml—m2, and m3 alveolus; 
F:AM 61116, left partial ramus with cl—p4 
alveoli, ml, and m2—m3 alveoli; F:AM 
61131, left partial ramus with i 1—i3 alveoli, 
cl, pi—p3 alveoli, p4, ml broken, and m2— 
m3 alveoli; F:AM 61132, left ramus with il- 
p4 alveoli, ml, and m2 broken—m3 alveolus; 
F:AM 61133, right partial ramus with p4— 
m2 and m3 alveolus; F:AM 61134, left par¬ 
tial ramus with i3—p4, ml—m2 roots, and m3 
alveolus; F:AM 61137, right ramus with cl— 
p3 alveoli, p4—ml, and m2—m3 alveoli; F: 
AM 61138, left partial ramus with i3-p3 al¬ 
veoli, p4—ml, and m2—m3 alveoli; F:AM 
61149, right partial ramus with cl—ml; F: 
AM 61154, left ramus with il-pl alveoli, 
and p2—ml (p3 alveolus, p4 broken, and m2— 
m3 alveoli); F:AM 61155, left ramus with 
cl-ml and m2-m3 alveoli; F:AM 61156, 
skull with 11 alveolus, 12, 13 alveolus. Cl 
root, PI alveolus, and P2—M2 (fig. 70A—D); 
F:AM 61174, left ramus with cl, pi alveo¬ 
lus, p2—m2, and m3 alveolus (fig. 69C, D); 
F:AM 61174A, partial right premaxillary¬ 
maxillary with I3-P1 alveoli and P2-M2 
(fig. 69E, F); F:AM 61176, right partial ra¬ 
mus with il—i3 alveoli and cl broken—ml 
(pi alveolus and p2 broken); F:AM 61177B, 
right ramal fragment with ml and m2 alve¬ 
olus; F:AM 61177H, left partial ramus with 
p3 broken-m2; F:AM 61177K, left partial 
ramus with ml—m2; and F:AM 61181, pos¬ 
terior part of skull. Mill Quarry: F:AM 
61145, right partial ramus with i2 alveolus, 
i3—ml, and m2—m3 alveoli; F:AM 61152, 
right ramus with cl—m2 (pi and p3 alveoli, 
ml broken, and m3 alveolus); F:AM 
61177D, left partial ramus with ml—m2 and 
m3 alveolus; and F:AM 61180, posterior part 
of skull. Sinclair Draw: F:AM 61177G, left 
ramal fragment with ml and m2—m3 alveoli. 
East Sinclair Draw: AMNH 81526 (HC 
1168), left isolated ml; AMNH 83440 (HC 
616), right partial ramus with cl—pi alveoli 
and p2-m2; F:AM 25486, right ramus with 
i 1—i3 alveoli, cl broken, pi alveolus—ml, 
and m2-m3 alveoli; F:AM 61173, right par¬ 
tial maxillary with P4-M1; and F:AM 


61177E, right partial ramus with ml and m2 
alveolus. Quarry 2, East Sinclair Draw: 
AMNH 13837, right partial ramus with cl- 
pl alveoli, p2, p3 alveolus—ml, and m2—m3 
alveoli; AMNH 13838, right partial ramus 
with ml—m2 and m3 alveolus; AMNH 
13839, right partial ramus with cl—p2 alve¬ 
oli, p3-p4, and ml-m3 alveoli; AMNH 
13840, right partial ramus with cl—p4 alve¬ 
oli, ml, and m2-m3 alveoli; AMNH 83420 
(HC 336), right ramal fragment with cl—ml 
(all broken); F:AM 25495, left partial ramus 
with p2 broken-m3; F:AM 25497, right par¬ 
tial ramus with i 1—i3 alveoli, cl, p2—ml, and 
m2 broken; F:AM 61115, right partial ramus 
with i 1—i3 alveoli, cl, pi—p3 alveoli, p4—ml, 
and m2-m3 alveoli; F:AM 61118, left partial 
ramus with il—cl alveoli, p2—ml, and m2— 
m3 alveoli; F:AM 61119, left partial ramus 
with cl—ml (pi and m2—m3 alveoli); F:AM 
61120, right partial ramus with cl—m2 (pi 
and m3 alveoli); F:AM 61144, right ramus 
with il—pi alveoli and p2—m3 (ml broken); 
F:AM 61150, right partial ramus with cl al¬ 
veolus—ml and m2—m3 alveoli; F:AM 
61161, right partial maxillary with PI alve- 
olus-P4 and Ml alveolus; F:AM 61164, 
right partial maxillary with P4—Ml and M2 
alveolus; F:AM 61170, right maxillary frag¬ 
ment with P3-P4 both broken; F:AM 61177, 
left partial ramus with p4 broken—m2 and m3 
alveolus; F:AM 61177M, left partial ramus 
with ml and m2-m3 alveoli; F:AM 611770, 
right partial ramus with pi—p3 alveoli, p4 
broken—ml, and m2 broken; F:AM 61178A, 
right partial ramus with i 1—i3 alveoli and cl 
broken—p4; and F:AM 6T179H, posterior 
cranial fragment. West Sinclair Draw: F:AM 
25496, right ramus fragment with ml. Hum¬ 
bug Quarry: F:AM 61136, right partial ramus 
with cl—pi alveoli and p2 broken—ml; F:AM 
61139, right ramus with cl—m2 (pi and m3 
alveoli); F:AM 61140, left partial ramus with 
cl alveolus and p2—ml (p3 alveolus); F:AM 
61141, right ramus with cl broken—m2 (pi 
and m3 alveoli); F:AM 61142, right ramus 
with il—pi alveoli, and p2—m2 (ml broken 
and m3 alveolus); F:AM 61143, left partial 
ramus with i2—pi alveoli and p2—m2 (ml 
broken); F:AM 61146, right ramus with il— 
i3 alveoli, cl, pi alveolus, and p2—m3 (fig. 
69A, B); F:AM 61147, right partial ramus 
with pi alveolus—ml (p3 alveolus); F:AM 
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61148, left partial ramus with i3—cl alveoli, 
p3 broken—m2, and m3 alveolus; F:AM 
61160, posterior part of skull and separate 
premaxillary-maxillary with 11—PI alveoli 
and P2-M2; F:AM 61162, right maxillary 
fragment with P3-P4; F:AM 61165, left par¬ 
tial maxillary with P4-M2; F:AM 61166, left 
partial maxillary with P3—Ml (both P4 and 
Ml broken); F:AM 61177A, left partial ra¬ 
mus with p2 broken—m2 (p4 broken and m3 
alveolus); F:AM 61177F, right partial ramus 
with ml—m3; F:AM 611771, right partial ra¬ 
mus with p2 broken-ml; F:AM 61177J, 
right partial ramus with p3—ml; F:AM 
61177U, left partial ramus with il—pi alve¬ 
oli, p2—p4, ml alveolus, m2 broken, and m3 
alveolus; F:AM 61177W, right partial ramus 
with pi alveolus, p2—p3 both broken, p4, ml 
alveolus, m2, and m3 alveolus; F:AM 
61177X, left partial ramus with pi alveolus, 
p2 broken—p4, and ml alveolus; F:AM 
61178D, left immature partial ramus with 
cl—pi alveoli, dp2—dp4, and ml unerupted; 
F:AM 61179, posterior part of skull; F:AM 
61179A, posterior part of skull; F:AM 
61179B, posterior part of skull; F:AM 
61179E, cranial fragment; F:AM 61179D, 
posterior part of skull; and F:AM 611791, 
cranial fragment. Quarry 3: F:AM 61153, 
left partial ramus with p2—m2 and m3 alve¬ 
olus. Quarry 6: AMNH 22370, right partial 
ramus with cl—p3 alveoli, p4, and ml—m3 
alveoli. Quarry 7, Kilpatrick Pasture: AMNH 
21477A, isolated left Ml, left M2, and m2. 
Grass Root Quarry: F:AM 21448C, left and 
right maxillary fragments with P2—P3, P4 
root, and M1-M2. Jenkins Quarry: F:AM 
61157, right and left partial maxillary with 
Cl-Pl alveoli, P2 broken-M2, and skull 
fragments. Boulder Quarry: F:AM 61113, 
left partial ramus with il alveolus, and cl 
broken—m2 (p3, p4, and m3 alveoli); F:AM 
61163, right partial maxillary with P3—Ml; 
F:AM 61167, left partial maxillary with P4- 
M2; F:AM 61177Y, right partial ramus with 
cl—p4 alveoli, ml broken, and m2—m3 al¬ 
veoli; and F:AM 61177Z, left partial ramus 
with cl— p4 (pi alveolus). Surface Quarry: F: 
AM 61177C, right ramus fragment with ml— 
m2. East Sand Quarry: F:AM 61168, right 
partial maxillary with P4-M1; F:AM 
61177L, right partial ramus ml—m2 and m3 
alveolus; F:AM 61179J, posterior part of 


skull; and F:AM 104806, right ramal frag¬ 
ment with p4—ml alveoli and m2—m3, below 
East Sand Quarry. West Sand Quarry: F:AM 
61117, right ramus with cl broken—m2 (pi 
and m3 alveoli). 

Lower Snake Creek Fauna, Olcott For¬ 
mation (early Barstovian), unallocated, Sioux 
County, Nebraska: AMNH 13841, right par¬ 
tial ramus with pi alveolus, p2—p3, and roots 
of p4-ml; AMNH 13850, right isolated up¬ 
per M1, left isolated lower m 1, two left ramal 
fragments with p2-p4; AMNH 20058, three 
isolated lower mis; AMNH 20059, left and 
right ramal fragments with ml—m2; AMNH 
20069, left isolated P4; AMNH 22377, left 
partial maxillary with P3—Ml, “Ashbrook 
Pasture, Olcott Hill” (although label as from 
the Upper Snake Creek, this specimen was 
probably mislabeled); AMNH 83417, isolat¬ 
ed left P4, left p3, and left m2; AMNH 
83434, right partial ramus with p2 alveolus— 
m2 and m3 alveolus; AMNH 96682A, left 
ramal fragment with ml—m2; AMNH 
96682B, right ramal fragment with ml—m2 
and m3 alveolus; and AMNH 96682C, left 
isolated lower ml. 

Observation Quarry, Sand Canyon For¬ 
mation (early Barstovian), Dawes County, 
Nebraska: F:AM 54485, left isolated P4; F: 
AM 61187, right maxillary fragment with P3 
alveolus-P4; F:AM 61188, right partial ra¬ 
mus with cl broken, p2—p4, ml—m2 both 
broken, and m3 alveolus; F:AM 61189, left 
partial ramus with cl, pi—p3 alveoli, p4—m2, 
and m3 alveolus; F:AM 67987, left incom¬ 
plete humerus; F:AM 67988, metacarpal I; F: 
AM 67988A, metacarpal 11 ; F:AM 67988B, 
incomplete metacarpal 111 ; F:AM 67988D, 
metacarpal V; F:AM 67988E, metacarpal V; 
F:AM 67988G, calcaneum; F:AM 67988H, 
broken astragalus; and F:AM 104805, right 
partial ramus with cl broken, pi alveolus— 
p4, and ml—m2 both broken. 

Sand Canyon Formation (early Barstovi¬ 
an), Dawes County, Nebraska: Expectation 
Prospect: F:AM 61185, right premaxillary¬ 
maxillary with 11-13 alveoli, and C1-M2 (PI 
alveolus, P2 and P4 broth broken). Survey 
Quarry: F:AM 61186, right isolated Ml; F: 
AM 67988C, partial metacarpal 11 ; and F: 
AM 679881, first phalanx. School House 
Prospect, Pepper Creek: F:AM 61315, right 
ramus with cl—m2 and m3 alveolus; F:AM 
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61316, left ramus with il-cl all broken and 
pl-m3; F:AM 61317, left partial maxillary 
with P4-M2; F:AM 61318, left maxillary 
fragment with P4— Ml alveoli and M2; and 
F:AM 67990, incomplete radius. 

Mud Hills Area, Green Hills and Second 
Division faunas, Barstow Formation (early 
Barstovian), San Bernardino County, Cali¬ 
fornia: Steepside Quarry: F:AM 61190, left 
ramus with cl broken—m2 (ml broken); F: 
AM 61191, right partial ramus with cl bro¬ 
ken, pi—p2 alveoli, p3 broken—m2, and m3 
alveolus; F:AM 61192, right and left partial 
rami with i3-m3 (pi alveolus); F:AM 61193, 
left partial maxillary with P4-M2 (Ml bro¬ 
ken), left ramus with cl—m2 (pi and p3 al¬ 
veoli and p4— ml both broken), m3 alveolus, 
and associated cervical vertebrae (F:AM 
61193A); F:AM 61194, right partial ramus 
with cl—ml; F:AM 61195, right partial ra¬ 
mus with cl—p3 alveoli, p4 broken—ml, and 
m2-m3 both broken; F:AM 61196, crushed 
mandible with i2—m3 (i2—cl and ml—m2 all 
broken); F:AM 61197, left ramus with cl- 
m3; F:AM 61198, right partial ramus with 
p2 alveolus—m2 (p3 and ml broken); F:AM 
61199, left partial ramus with i3—p3 roots 
and p4 broken—ml; F:AM 61200, left ramus 
with cl broken—m2 (ml—m2 both broken) 
and m3 alveolus; F:AM 61201, right ramus 
fragment with ml broken and m2—m3; F:AM 
61201A, left ramal fragments with cl—m2 all 
broken; F:AM 61202, right ramus with cl— 
pi alveoli, p2—m2 (ml broken), and m3 al¬ 
veolus; F:AM 61203, right and left partial 
rami with cl—m2 (p3—ml all broken); F:AM 
61204, right ramus with premolar alveoli and 
ml-m2 both broken; F:AM 61205, left par¬ 
tial ramus with i2—m2 (pi alveolus and ml— 
m2 broken); F:AM 61206, right and left par¬ 
tial rami with cl broken—m3 (pi broken); F: 
AM 61207, maxillary fragment with Cl and 
both rami with i3—cl broken and pi alveo- 
lus-m2; F:AM 61208, left partial ramus with 
pi—p3 alveoli, p4— m2, and m3 alveolus; F: 
AM 61209, right partial ramus with cl—p3 
alveoli, p4— ml, and m2 alveolus; F:AM 
61210, right partial ramus with p2 broken- 
mi; F:AM 61211, right partial ramus with 
p4 broken-m2; F:AM 61212, right partial ra¬ 
mus with i3—p4 and ml broken; F:AM 
61215, skull with Il-Pl alveoli, P2-P4 all 
broken, Ml, and M2 broken; F:AM 61216, 


partial skull with P3 broken-M2; F:AM 
61217, crushed partial skull with P2-M2; F: 
AM 61218, crushed partial skull with P4- 
M1 both broken and M2; F:AM 61219, an¬ 
terior part of skull with II—PI alveoli and P2 
broken-M2; F:AM 61220, crushed skull with 
I1-P3 alveoli and P4-M2; F:AM 61221, left 
partial maxillary with P4-M2 (Ml broken); 
F:AM 61222, right partial maxillary with P3 
alveolus-M2; F:AM 61223, right partial 
maxillary with P4, Ml broken, and M2 root; 
F:AM 61225, left partial maxillary with P3 
broken-M2 (Ml broken); F:AM 61226, right 
and left partial maxillae with P3 broken—M2 
and detached Cl; F:AM 61227, right partial 
maxillary with P3 broken-M2; F:AM 61228, 
left partial maxillary with P4 broken—M2; F: 
AM 61229, right and left broken and incom¬ 
plete maxillae and left partial premaxillary¬ 
maxillary with 11-12 roots, and C1-M2; F: 
AM 61230, left partial maxillary with Il-Pl 
alveoli, P2 broken—P3, and a separate max¬ 
illary fragment with P4-M1; F:AM 61231, 
two associated left maxillary fragments with 
C1-P2 and M1-M2 and teeth fragments; F: 
AM 61231 A, left premaxillary fragment with 
Cl; F:AM 61232, right partial maxillary with 
P4 broken-M2; F:AM 61233, crushed frag¬ 
ment of skull with P2-P3 alveoli and P4-M2 
all broken; F:AM 61234, crushed partial 
skull with C1-P3 alveoli and P4-M2 all bro¬ 
ken; F:AM 61235, skull fragment with Cl 
broken, PI and P3 alveoli, and P4-M2 all 
broken; F:AM 61236, posterior part of skull; 
and F:AM 105302, posterior part of skull. 
Green Hills: F:AM 27150, palate with P2 
broken—M2 and mandible with i3—m3; F:AM 
27505, left partial ramus with cl broken—m2 
(pi and p2 broken); F:AM 27510, crushed 
partial skull with P3—M2 and both rami with 
cl broken—m3 (pi alveolus and ml broken); 
F:AM 27512, left partial maxillary with P4- 
M2; F:AM 27513, left maxillary fragment 
with P3-P4; F:AM 27514, right ramus with 
i3 alveolus-ml and m2 root; F:AM 27515, 
right partial ramus with pi alveolus—m2 (ml 
broken); F:AM 27516, left partial ramus with 
pi—p3 alveoli, p4— m2, and m3 alveolus; F: 
AM 27517, left partial ramus with cl—p4 and 
ml broken; F:AM 27518, right partial ramus 
with i3 broken—m2 (pi alveolus and p2 bro¬ 
ken); F:AM 27519, right and left rami with 
cl-m2 and m3 alveolus; F:AM 27520, left 
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partial ramus with cl—p2 alveoli, p3—m2, and 
m3 alveolus; F:AM 27521, right partial ra¬ 
mus with p4-m3; F:AM 27531, right and left 
partial maxillae with P4 broken—M2; and F: 
AM 67335, left partial ramus with cl-p4 al¬ 
veoli and ml—m2. First layer above Third 
Division: F:AM 27272, partial palate with P3 
broken-M2; and F:AM 27285, immature left 
and right partial rami with dp2 broken, dp3, 
and ml unerupted. Second layer above Third 
Division: F:AM 27263, right and left partial 
rami with i2—m3 (cl broken). Lower Second 
Division: F:AM 27511, crushed partial palate 
with P2-M2 (P3 broken). Sunder Ridge 
Quarry: F:AM 61213, right and left partial 
rami with cl—m2 (pi broken). Turbin Quar¬ 
ry: F:AM 61214, right ramal fragment with 
ml broken—m2. No locality data: F:AM 
27262, right partial ramus with p3-m2; F: 
AM 27262A, right partial ramus with cl-p4 
and ml-m2 both broken; F:AM 27264, right 
partial ramus with P4-M2; F:AM 27265, 
right maxillary fragment with Ml; F:AM 
27271, left ramus with il— cl broken, pi bro¬ 
ken, p2—ml all broken, and m2; and F:AM 
27271A, isolated left ml. 

Yermo Quarry, Barstow Formation (early 
Barstovian), San Bernardino County, Cali¬ 
fornia: F:AM 27507, right partial maxillary 
with P4-M2; F:AM 27509, right partial ra¬ 
mus with p4 root-m2; F:AM 27529, right 
and left partial rami with cl—m3 (pi and p4 
alveoli); F:AM 61237, anterior part of skull 
with I1-M2; F:AM 61238, partial skull with 
P1-P3 alveoli and P4-M2 all broken; F:AM 
61239, left partial maxillary with P4-M1 and 
M2 broken; F:AM 61240, right and left par¬ 
tial maxillae with P4-M2; F:AM 61242, left 
partial ramus with p2—m2 all broken; and F: 
AM 61243, left isolated ml. 

Skull Ridge Member, Tesuque Formation 
(early Barstovian), Santa Fe County, New 
Mexico: Southeast of White Operation Wash: 
F:AM 27379, partial skull with P1-P3 alve¬ 
oli, P4 broken, and M1-M2; F:AM 27381, 
right partial ramus with p3—m2 (p4 broken) 
and m3 alveolus; F:AM 27382, left and right 
ramal fragments with broken p2—m3 (p2—m2 
all broken); F:AM 27383, right partial ramus 
with p4—ml both broken, m2, and m3 un¬ 
erupted; and F:AM 27384, edentulous left 
partial ramus with cl—m3 alveoli. Skull 
Ridge: F:AM 27383A, right partial maxillary 


with P4-M2. Cuyamunque: F:AM 27470, 
skull with II—M2 (most teeth broken or 
heavily worn). One mi north of White Op¬ 
eration: F:AM 50154, left and right partial 
rami with cl broken—m2 (pi—p2 and m3 al¬ 
veoli). 

Kent Quarry (UCMP loc. V5666), Dry 
Canyon West Side 2, Cuyama Valley, Cal- 
iente Formation (early Barstovian), Ventura 
County, California: UCMP 50670, partial an¬ 
terior skull with II—M2 (13 broken) and man¬ 
dible with i3—m2 and m3 alveolus; and 
UCMP 51104, skull fragments with P3-M1 
and partial left and right bullae. 

Distribution: Early Barstovian of Nebras¬ 
ka, New Mexico, and California. 

Emended Diagnosis: Compared to To- 
marctus brevirostris, T. hippophaga is prim¬ 
itive in having palate not widened, nuchal 
crest not laterally narrowed, and Ml para- 
cone less high-crowned. 

Description and Comparison: The nu¬ 
merous previously undescribed materials 
from the Olcott Formation represent a 
marked improvement in quantity and quality 
of specimens over that available to Matthew 
(1924, his Tomarctus brevirostris ). This is 
especially true for the exquisitely preserved 
materials from the Echo Quarry. In addition, 
large samples from the lower part of the Bar¬ 
stow Formation are referred to this species 
for the first time. These and a small sample 
from the Tesuque Formation, New Mexico, 
suggest that Tomarctus hippophaga was 
widespread in the early Barstovian. 

A nearly perfect skull (F:AM 61156; fig. 
70A—D) from the Echo Quarry permits an 
undistorted view of this species, as opposed 
to the crushed skulls from other quarries de¬ 
scribed by Matthew (1924). With the in¬ 
creased fidelity of cranial structures, it is pos¬ 
sible to ascertain that Tomarctus hippophaga 
has a relatively narrower palate than does T. 
brevirostris (as exemplified by a similarly 
undistorted skull, F:AM 61158) (see De¬ 
scription and Comparison under /'. breviros¬ 
tris). Apparently a young adult, because of 
the lack of wear on teeth, F:AM 61156 has 
relatively narrow forehead (distance between 
the supraorbital rim) in contrast to older in¬ 
dividuals (AMNH 18242-44) that have 
broader foreheads (fig. 70E—H). On a dis¬ 
sected partial skull (F:AM 61181), the large 
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Fig. 69. Tomarctus hippophaga. A, Lower teeth and B, ramus (reversed from right side), F:AM 
61 146, Humbug Quarry, Olcott Formation (early Barstovian), Sioux County, Nebraska. C, Lower teeth 
and D, ramus, F:AM 61174, Echo Quarry, Olcott Formation (early Barstovian), Sioux County, Nebraska. 
E, Upper teeth and F, lateral view of maxillary (reversed from right side), F:AM 61174A, Echo Quarry. 
G, Lower teeth and H, ramus (reversed from right side), AMNH 13836, holotype. Quarry 2, East Sinclair 
Draw, Olcott Formation (early Barstovian), Sioux County, Nebraska. The longer (upper) scale is for A, 
C, E, and G, and the shorter (lower) scale is for the rest. 


frontal sinus can be seen to be partitioned by 
a horizontal septum into anterodorsal and 
posteroventral chambers including a sinus in 
the postorbital process that communicates 
through a restricted passage with the poster¬ 
oventral chamber. Other than the above-not¬ 
ed features, T. hippophaga is quite similar in 
cranial proportions to Protomarctus optatus 
and Tomarctus brevirostris (fig. 71). 

Tomarctus hippophaga is larger than Pro¬ 
tomarctus optatus (13% in basal skull length 
and 11% in ml length, all pooled averages). 
Signaling its affinity with the Aelurodontina, 
T. hippophaga has enlarged lower premolars 
and this enlargement is rather uniform on all 
premolars instead of differential enlargement 
of p4 over p2—p3 as in the Borophagina. The 
massiveness of the premolars is mainly re¬ 
flected in the width of the tooth and is in 


clear contrast to the immediate primitive 
state in P. optatus. Other than the robust pre¬ 
molars, teeth of T. hippophaga are little dif¬ 
ferent from those of P. optatus. 

Specimens from the Bars tow Formation 
are on the whole 5% (pooled average of all 
dental measurements) smaller than their 
counterparts in the Lower Snake Creek Fau¬ 
na in Nebraska. The California individuals 
also tend to be more primitive in their nar¬ 
rower foreheads and less massive premolars. 
Such minor differences aside, the California 
sample is closest, both in size and overall 
morphology, to the topotypical materials of 
Tomarctus hippophaga in Nebraska. We in¬ 
terpret these variations from the California 
sample as representing a primitive population 
of the lineage. 

Referred individuals from the Tesuque 



Fig. 70. Tomarctus hippophaga. A, Lateral, B, enlarged occlusal, C, ventral and D, dorsal views of skull and upper teeth, F:AM 61156, Echo 
Quarry, Olcott Formation (early Barstovian), Sioux County, Nebraska. E, Lateral, F, enlarged occlusal, G, ventral, and H, dorsal views of skull 
and upper teeth (II and P2—P3 reversed from right side), I, lower teeth, and J, ramus (reversed from right side), AMNH 18244, Sheep Creek 
Quarry, Olcott Formation (early Barstovian), Sioux County, Nebraska. The shorter (upper) scale is for A, C, D, E, G, H, and J, and the longer 
(lower) scale is for the rest. 
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Fig. 71. Log-ratio diagram for cranial measurements of Tephrocyon, Tomarctus and Aelurodon using 
Protomarctus optatus as a standard for comparison (straight line at zero). See text for explanations and 
appendix II for measurements and their definitions. 


Formation are less well represented both in 
quantity and quality of materials. Most of the 
specimens match very well, in size and 
shape, with the topotype series from Nebras¬ 
ka. One skull (F:AM 27470), however, is 
substantially larger and is in the same size 
category as Tomarctus brevirostris. Teeth of 
F:AM 27470 are severely worn and badly 
broken. This large individual has an un¬ 
broadened palate and its nuchal crest is not 
narrowed laterally, features that suggest its 
assignment to T. hippophaga. 

Discussion: Tomarctus hippophaga was 
initially compared with Tephrocyon rurestris 
from the Mascall Formation of Oregon by 
Matthew and Cook (1909), who made no ref¬ 
erence to Tomarctus brevirostris. Shortly af¬ 
terward, Matthew began to suspect that bre¬ 
virostris from the Pawnee Creek area of Col¬ 
orado might be conspecific with hippophaga. 
However, he did not act on this suspicion un¬ 


til the publication of his influential treatise 
on the Snake Creek faunas, when he was fi¬ 
nally convinced that the faunas from the 
Pawnee Creek and Snake Creek were very 
close in age, and T. hippophaga was thus 
synonymized under T. brevirostris (Matthew, 
1924). Matthew’s authoritative treatment on 
the relationships of canids in the 1924 vol¬ 
ume proved to be very influential, and except 
for one brief mention of Tomarctus hippo¬ 
phaga by VanderHoof (1931: 19), his taxo¬ 
nomic decision was followed by all subse¬ 
quent students. Thus, T. hippophaga has all 
but disappeared from the literature. 

Matthew himself, however, still harbored 
some lingering doubts about this decision. 
Indeed, there is a substantial size difference 
between the holotypes of Tomarctus brevi¬ 
rostris and T. hippophaga —the lower car- 
nassial of the former is 16% longer than that 
of the latter. Furthermore, there are individ- 
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ml length 
ml trigonid width 
ml talonid width 
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Protomarctus optatus 
Tomarctus brevirostris 
Aelurodon stirtoni 


Tephrocyon rurestris e 
Aelurodon asthenostylus - * 
Aelurodon ferox 


Tomarctus hippophaga 
Aelurodon mcgrewi 
Aelurodon taxoides 


Fig. 72. Log-ratio diagram for dental measurements of Tephrocyon , Tomarctus , and Aelurodon using 
Protomarctus optatus as a standard for comparison (straight line at zero). See text for explanations and 
appendix III for summary statistics of measurements and their definitions. 


uals in the Lower Snake Creek Fauna that 
possess even smaller carnassials than that of 
the holotype of T. hippophaga, making the 
variation in size even greater. Associated 
with the size differences are some cranial 
characters in certain large individuals from 
the Olcott Formation that suggest more than 
one species is present in the Snake Creek 
Fauna. Our resurrection of T. hippophaga is 
thus an attempt to account for these quanti¬ 
tative and qualitative differences (see further 
discussion under Tomarctus brevirostris ). 

Without explicit reference to specimens, 
Barbour and Cook (1917: 180) listed Te¬ 
phrocyon cf. hippophaga to occur in the Val¬ 
entine beds in Nebraska. We could find no 
such occurrence in these younger strata. 

Tomarctus brevirostris Cope, 1873 
Figure 73 

Tomarctus brevirostris Cope. 1873: 2. Matthew, 
1899: 68; 1901: 359; 1924: 91 (in part). Hay, 


1902: 775. Cope and Matthew, 1915: pi. 
CXIXc, fig. 4. Munthe, 1998: 135. 

Aelurodon francisi Hay, 1924: 2, pi. 3, figs. 1, 2. 

Wilson, 1960: 991 (in part). Munthe. 1998: 136. 
Aelurodon simulans Hay, 1924: 2, fig. on p. 3. 

1 Aelurodon francisi (Hay): Vanderhoof and Greg¬ 
ory, 1940: 153. 

Tomarctus sp.: Repenning and Vedder. 1961: table 
235.1. 

Holotype: AMNH 8302, right ramal frag¬ 
ment with p4 alveolus—ml (fig. 730, P) from 
Court House Butte, Pawnee Creek Formation 
(probably early Barstovian), Weld County, 
Colorado. 

Referred Specimens: Pawnee Creek For¬ 
mation (late early Barstovian), Weld County, 
Colorado: Middle Horizon near Hereford: F: 
AM 28302, left partial ramus with p4-ml 
(fig. 73M, N). Question Mark Pit, southwest 
side: F:AM 67319, right ramus with cl—m3 
(fig. 73E, F); F:AM 67320, right partial ra¬ 
mus with i 1—i3 alveoli, cl broken, pi—p3 al- 
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veoli, p4 broken—ml, and m2—m3 alveoli; 
and F:AM 67322, left partial ramus with cl 
broken, ml broken, and alveoli of the re¬ 
maining teeth. Three Point, East Side Pit: F: 
AM 67321, left partial ramus with cl—pi al¬ 
veoli, and p2 broken—m2 (p3 alveolus, p4— 
ml broken, and m3 alveolus). Pawnee Quar¬ 
ry: F:AM 105304, left partial maxillary with 
P4—M2 all broken. Big Spring Quarry: F: 
AM 105305, right isolated Ml. No locality 
data: F:AM 28314, left and right partial max¬ 
illary with Cl—M2 (molars extremely worn); 
and F:AM 28319, immature right ramal frag¬ 
ment with dp4 and ml. 

Pawnee Creek Formation (early late Bar- 
stovian), Logan and Weld counties, Colora¬ 
do: Cedar Creek: AMNH 9455, immature 
left ramus with dil, del, dp2, dp4, and ml 
unerupted. Horse Quarry: F:AM 28315, right 
partial maxillary with P4 and Ml—M2 alve¬ 
oli; and F:AM 28317, left partial ramus with 
il—p2 alveoli, p3—ml, and m2 alveolus. 

Olcott Formation (early Barstovian), 
Sioux County, Nebraska: Humbug Quarry: 
F:AM 61158, partial skull with Cl, P4-M2, 
and alveoli of all other teeth (fig. 73A—D); 
F:AM 61169, left partial maxillary with P2- 
P4 (P3 alveolus and Ml broken); F:AM 
61177Q, left partial ramus with p2—p3 alve¬ 
oli, p4-ml, and m2 alveolus; F:AM 61177V, 
right partial ramus with il—pi alveoli and 
p2-p4. Boulder Quarry: F:AM 61123, left 
ramus with il—i3 alveoli, cl, pi alveolus— 
ml, and m2 alveolus. Echo Quarry: F:AM 
61121, left ramus with il—i3 alveoli, and cl— 
ml (pi alveolus and m2—m3 alveoli); F:AM 
61122, right ramus with il—i3 alveoli, and 
cl—m2 (pi and m3 alveoli). Ashbrook Pas¬ 
ture: AMNH 13834, left partial maxillary 
with M1-M2; AMNH 20057, right isolated 
Ml; AMNH 22400, left maxillary with P4 
broken—M2, right ramus with il—pi alveoli, 
p2-m2, and m3 alveolus; and AMNH 81031 
(HC 273), right partial maxillary with Cl- 
P1 alveoli and P2-P4. East Sinclair Draw: F: 
AM 25487, partial left ramus with p2-p3 al¬ 
veoli, p4— ml, and m2 alveolus. Horizon C. 
East Sand Quarry: F:AM 61151, right ramus 
with i3—pi alveoli, p2, p3 alveolus—ml, and 
m2—m3 alveoli. Jenkins Quarry: F:AM 
61177R, left isolated ml. West Sand Quarry: 
F:AM 61129, right ramus with i2-m2 (pi 
and m3 alveoli). Quarry A: AMNH 18251, 


left partial ramus with p3—m2 and right par¬ 
tial ramus with ml and m2—m3 alveoli. 
Quarry B: AMNH 18246, left partial maxil¬ 
lary with PI—P3 alveoli and P4—M2 (fig. 
73G, H). Quarry 2: F:AM 61125, left ramus 
with il—pi alveoli, and p2—m2 (ml broken 
and m3 alveolus); F:AM 61130, left ramus 
with cl—pi alveoli, p2—m2, and m3 alveolus 
(fig. 731, J); F:AM 61171, right maxillary 
fragment with Ml broken-M2; F:AM 
61177P, left partial ramus with ml-m2; F: 
AM 61178, left partial ramus with i 1—i3 al¬ 
veoli, cl, and pi alveolus—p4; and F:AM 
61179C, posterior part of skull. Quarry 8: F: 
AM 61127, right partial ramus with i 1—i3 al¬ 
veoli, cl, pi—p2 alveoli, and p3—m2. New 
Surface Quarry: F:AM 61124, right partial 
ramus with cl—p3 alveoli, p4—ml, and m2 
roots; F:AM 61126, left partial ramus with 
cl—pi alveoli, p2—m2, and m3 alveolus; F: 
AM 61128, left partial ramus with cl—pi al¬ 
veoli, p2—ml, and m2—m3 alveoli; F:AM 
61175, partial left maxillary with P2 alveolus 
and P3 broken-M2; F:AM 61177N, left ra¬ 
mal fragment with ml; F:AM 61177S, left 
ramal fragment with ml—m2 and m3 alveo¬ 
lus; F:AM 61178B, right ramal fragment 
with p2 alveolus-p4; F:AM 61179F, skull 
fragments, posterior part; and F:AM 61179G, 
posterior part of skull. Version Quarry: F: 
AM 61159, right maxillary with PI alveo- 
lus-M2; and F:AM 61177T, right partial ra¬ 
mus with p4 broken—m2 and m3 alveolus, 
?Version Quarry or Pocket 34. Seventeen mi 
south of Agate (from Upper Snake Creek 
beds, but probably reworked): AMNH 81096 
(HC 515), isolated right ml. 

Second Division Fauna, Barstow Forma¬ 
tion (late early Barstovian), San Bernardino 
County, California: Valley View Quarry: F: 
AM 27502, right ramus with cl-m2 (pi al¬ 
veolus) and m3 alveolus; F:AM 27538, right 
and left rami with il—cl all broken and pi— 
m3; F:AM 27544, right partial ramus with 
il—pi roots and p2—m2 (p3 and m3 alveoli); 
F:AM 27544A, left partial ramus with p4 
broken—m3; and F:AM 31100, right ramus 
with i2—i3 roots and cl—m2. No locality data: 
F:AM 27260, left maxillary with P4-M2; 
and F:AM 27261, right partial ramus with 
p2—p4 all broken and ml—m3. 

East Caliente Range, Caliente Formation 
(early Barstovian), San Luis Obispo County, 
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California: USGS Ml005, isolated P4 and 
Ml (referred to Tomarctus sp. by Repenning 
and Vedder, 1961: table 235.1), 4 ft below 
middle Triple Basalt. 

Skull Ridge Member, Tesuque Formation 
(early Barstovian), Santa Fe County, New 
Mexico: Skull Ridge: F:AM 61182, crushed 
anterior part skull with 13—M2, partial left 
and right rami with p3—m2, and limb frag¬ 
ments including metapodial fragments and 9 
phalanges. Third District: F:AM 27368, left 
maxillary fragment with P3—Ml. 

J. Niscavit Farm, from a well at a depth 
of 22 ft. Grimes Prairie, 12 mi east of Nav- 
asota and 3 mi north of Stoneham, possibly 
equivalent to the Cold Spring fauna (Wilson, 
1960: 991) of Fleming Formation (late Bar¬ 
stovian), Grimes County, Texas: TMM- 
TAMU 2379 (AMNH cast 97240) (holotype 
of Aelurodon francisi Hay, 1924), left partial 
ramus with p3—m3 (fig. 73K, L). 

Noble Farm fauna (late Barstovian) (strat- 
igraphically equivalent to Grimes Prairie, the 
type locality of A. francisi, according to 
VanderHoof and Gregory, 1940: 153), 
Moore County, Texas: TMM-TAMU 2186 
(AMNH cast 97772) (holotype of Aelurodon 
simulans Hay, 1924), right partial ramus with 
p3—m2 (ml broken) and m3 alveolus. 

Distribution: Early Barstovian of Colo¬ 
rado, Nebraska, New Mexico, and Califor¬ 
nia; and early late Barstovian of Colorado; 
late Barstovian of Texas. 

Emended Diagnosis: Synapomorphies 
shared by Tomarctus brevirostris and Aelu¬ 
rodon but distinguishing it from T. hippo- 
phaga are broadened palate, posterodorsally 
produced nuchal crest that is laterally com¬ 
pressed, reduction of lambdoidal crest, and 
high-crowned Ml paracone relative to meta- 
cone. Primitive characters that distinguish T. 
brevirostris from Aelurodon are sagittal crest 
lower, bulla not hypertrophied, mastoid pro¬ 
cess small, P4 protocone less reduced, P4 
parastyle smaller, upper molars not reduced 
relative to P4, Ml lingual cingulum not re¬ 
stricted to the posterolingual border, ml tal- 
onid not narrowed, m2 less reduced, and m2 
metaconid approximately equal to protoconid 
in height. 

Description and Comparison: Our re¬ 
shuffling of the hypodigm of Tomarctus ad¬ 
mits, in addition to the topotype materials 


from Colorado, only a small portion of the 
total Lower Snake Creek samples and ex¬ 
cludes all of the specimens described by 
Matthew (1924, see Discussion below). The 
newly referred skull from Humbug Quarry 
(F:AM 61158, fig. 73A-D) is entirely undis¬ 
torted, unlike the crushed skulls figured in 
Matthew (1924), and affords secure knowl¬ 
edge about its cranial morphology. In overall 
cranial proportions, T. brevirostris is slightly 
more advanced than T. hippophaga toward 
the Aelurodon clade. In the ratio diagram fig¬ 
ure 71, the pattern for T. brevirostris begins 
to assume the shape for various species of 
Aelurodon, although still in its initial stage. 
The most obvious difference is a broader pal¬ 
ate. This broadening of the palate is not 
merely due to its overall larger size; there is 
a 17% increase in palate breadth across wid¬ 
est points of cheekteeth (P4—Ml juncture) vs. 
a 7% increase in basal length of skulls (only 
the undistorted skulls are measured: F:AM 
61158 for T. brevirostris and F:AM 61156 
for T. hippophaga). The broadened palate is 
also indicated by the laterally deflected hor¬ 
izontal rami of the lower jaws. The frontal 
sinus has about the same degree of inflation 
as in T. hippophaga, and the postorbital pro¬ 
cess is similarly well developed. The nuchal 
crest is slightly more produced posteriorly 
and narrower laterally than that in T. hippo¬ 
phaga. The external auditory meatus has a 
slightly longer lip, and the paroccipital pro¬ 
cess is more posteriorly expanded, increasing 
the area of the lateral scar. 

Dental differences between Tomarctus 
brevirostris and T. hippophaga are subtle and 
often involve proportional relationships. T. 
brevirostris is on average 10% larger (pooled 
average of ah dental measurements) than T. 
hippophaga. Signaling the further advance¬ 
ment toward the Aelurodon clade, the pre¬ 
molars of T. brevirostris are stronger than 
those of T. hippophaga', its M2 and m2 are 
slightly reduced relative to Ml and ml, and 
the Ml shows an appreciable crown height 
difference between paracone (higher) and 
metacone. Other than these subtle propor¬ 
tional differences, the cusp morphology of 
upper and lower molars is quite similar to 
those of T. hippophaga. 

Compared with Aelurodon, on the other 
hand, T. brevirostris is more easily distin- 
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Fig. 73. Tomarctus brevirostris. A, Upper teeth and B, lateral, C, ventral, and D. dorsal views of 
skull. F:AM 61158, Humbug Quarry, Olcott Formation (early Barstovian), Sioux County, Nebraska. E, 
Lower teeth and F, ramus (reversed from right side). F:AM 67319, Question Mark Pit, Pawnee Creek 
Formation (late early Barstovian), Weld County, Colorado. G, Upper teeth and H, lateral view of max¬ 
illary, AMNH 18246. Quarry B, Olcott Formation. I, Lower teeth and J, ramus, RAM 61130, Quarry 
2, Olcott Formation. K, Lower teeth and L, ramus, TMM 2379 (holotype of Aelurodon francisi ), J. 
Niscavit Farm, beds possibly equivalent to the Cold Spring Fauna of Fleming Formation (late Barsto¬ 
vian), Grimes County, Texas. M, Lower teeth and N, ramus, F:AM 28302, middle Horizon near Here¬ 
ford, Pawnee Creek Formation (late early Barstovian), Weld County, Colorado. O, Occlusal and P, 
lateral views of ramus and ml (reversed from right side), AMNH 8302. holotype, Court House Butte, 
Pawnee Creek Formation (probably early Barstovian), Weld County, Colorado. The longer (upper) scale 
is for A. E, G, I, K, M, and O, and the shorter (lower) scale is for the rest. 
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guished by its primitive cranial and dental 
morphology. The sagittal crest in T. brevi- 
rostris is still low, the bulla is not promi¬ 
nently inflated, and the paroccipital process 
is not quite as elongated as in Aelurodon. 
The P4 parastyle is not strong. The ml tal- 
onid remains broad, and the m2 metaconid is 
still large. 

Discussion: Established on a ramal frag¬ 
ment with a single ml from the Pawnee 
Creek Formation in Colorado, Tomarctus 
brevirostris was largely ignored by subse¬ 
quent students until Matthew’s (1924) refer¬ 
ence of complete cranial and dental materials 
from the Lower Snake Creek Fauna of Ne¬ 
braska. These referred materials played an 
important role in establishing T. brevirostris 
as a primitive ancestor to nearly all later ca¬ 
nids (see further discussion under the genus). 

After many years of hesitation following 
the establishment of Tephrocyon hippophaga 
(Matthew and Cook, 1909), Matthew (1924) 
finally concluded that Tomarctus brevirostris 
and T. hippophaga were probably conspecif- 
ic, mainly because of his increasing confi¬ 
dence that the Pawnee Creek beds (now For¬ 
mation), where the type of T. brevirostris 
was recovered, and the Lower Snake Creek 
beds (now Olcott Formation) were roughly 
coeval. However, he did have some lingering 
doubts about this conclusion: “it is quite 
probable that the species [7'. brevirostris and 
T. hippophaga] are identical, but adequate 
proof of this is lacking, and they may yet 
prove to be distinct” (Matthew, 1924: 89). 
Although Matthew’s observation was based 
on quite good materials (three lightly crushed 
skulls) from the Lower Snake Creek Fauna, 
considerably more materials from both the 
Olcott Formation and the Pawnee Creek For¬ 
mation have been accumulated since his last 
review. With the additional materials, we 
now recognize the validity of both T. brevi¬ 
rostris and T. hippophaga and the presence 
of both within the Lower Snake Creek Fau¬ 
na. 

Our reestablishment of these two species 
comes from two lines of evidence. First, 
there is a wide range of variation in size 
among the Lower Snake Creek samples, and 
it exceeds the normal variation of a species, 
even if one takes into account the temporal 
dimension of the fauna (see appendices 11 


and 111 ). Second, a well-preserved skull from 
the Humbug Quarry (F:AM 61185) demon¬ 
strates that Tomarctus brevirostris possesses 
the initial development of several derived 
characters normally found only in Aeluro¬ 
don, such as broadened palate, narrowed nu¬ 
chal crest, and elongated paroccipital pro¬ 
cess, that contrast with the absence of these 
features in other skulls from the Lower 
Snake Creek quarries (including those de¬ 
scribed by Matthew, 1924). This advanced- 
looking skull is near the higher end of the 
size range among the Lower Snake Creek 
materials and is about the same size as the 
topotype series from Colorado. We thus hy¬ 
pothesize that among the Lower Snake Creek 
samples there is a small proportion of large- 
size individuals referable to T. brevirostris 
that are distinct from most individuals typi¬ 
fied by the holotype of T. hippophaga. Such 
a hypothesis engenders a problem in the al¬ 
location of hypodigms—fragmentary speci¬ 
mens of intermediate size are difficult to al¬ 
locate to one species or another—but is pref¬ 
erable to the alternative that does not dis¬ 
criminate the morphological differences 
within the samples, i.e., lumping everything 
into a single species, as proposed by Mat¬ 
thew (1924). 

At a size almost identical to that of To¬ 
marctus brevirostris, Aelurodon francisi 
(Hay, 1924) is almost indistinguishable from 
the former except in a few subtle features: a 
reduced metaconid, a slightly narrowed tal- 
onid, and a relatively reduced lingual side of 
the talonid that restricts the entoconid to a 
more anterior position. Although these fea¬ 
tures may suggest a taxon in the initial stage 
of development toward the Aelurodon clade, 
we tentatively place the Texas material in To¬ 
marctus because of its lack of robust pre¬ 
molars so typical of Aelurodon. 

Hay (1924: 2) also proposed Aelurodon si- 
mulans as a species distinct from A. francisi, 
even though he admitted that “at first this 
specimen [holotype of A. simulans] was tak¬ 
en to belong to Ae. francisi.” Subsequent au¬ 
thors (VanderHoof and Gregory, 1940; Wil¬ 
son, 1960) had all failed to see any distinc¬ 
tion between the two species, a conclusion 
with which we agree. The only observable 
difference between the poorly preserved ho- 
lotypes of these two Texas species is a rela- 
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tively more slender p3—p4 in A. simulans, a 
distinction easily encompassed by variation 
within species of similar size. 

The referred specimens of A.francisi (Wil¬ 
son, 1960) from the Cold Spring Fauna, 
however, clearly represent a large, more de¬ 
rived form (see A. ferox). The Cold Spring 
specimens agree well in size with A. ferox, 
and their advanced dental features, such as 
three lateral accessory cusplets on 13 (Wil¬ 
son, 1960: fig. 4h), high-crowned Ml para- 
cone, and prominent P4 parastyle, indicate 
the presence of this widespread species of 
Aelurodon in the late Barstovian of Texas. 

Henshaw (1942) referred one upper canine 
and one ml (LACM-CIT 774) to Tomarctus 
brevirostris from late early Barstovian sites 
near Tonopah in the San Antonio Mountains, 
Nevada. According to his figure (Henshaw, 
1942: fig. 3), the upper canine is too long to 
be a canid. The ml, on the other hand, is too 
worn to be sure of its identity, and its size 
and proportions are slightly smaller than T. 
brevirostris as defined in this study (its size 
is closer to Tomarctus hippophaga ). Its oc¬ 
currence in the early Barstovian of Nevada 
is thus questionable. 

Aelurodon Leidy, 1858 

Prohyaena Schlosser. 1890: 25. 

Strobodon Webb. 1969a: 43. 

Type Species: Aelurodon ferox Leidy, 
1858. 

Included Species: A. asthenostylus (Hen¬ 
shaw, 1942); A. mcgrewi, new species; A. 
stirtoni (Webb, 1969a); A. ferox Leidy, 1858; 
and A. taxoides Hatcher, 1893. 

Distribution: Early Barstovian of Nebras¬ 
ka, Colorado, Nevada, and California; late 
Barstovian of Colorado, Nebraska, South 
Dakota, New Mexico, Texas, and California; 
early Clarendonian of South Dakota, Nebras¬ 
ka, New Mexico, Oklahoma, Texas, Florida, 
and Nevada; late Clarendonian of Nebraska, 
New Mexico, and California; and Clarendon¬ 
ian of Kansas. 

Emended Diagnosis: Species of Aeluro¬ 
don share many derived features that differ 
from Tomarctus : high sagittal crest, enlarged 
bulla, enlarged mastoid process, P4 parastyle 
strong, P4 protocone reduced, reduced Ml— 
M2 and m2. Ml lingual cingulum reduced 


anteriorly, ml talonid narrowed, shortened 
m2, and m2 metaconid reduced. Besides the 
A. mcgrewi—stirtoni clade, advanced species 
of Aelurodon acquire further derived char¬ 
acters, such as extremely broadened palate, 
transversely straight upper incisor row, mas¬ 
sive premolars with very strong cusplets, ex¬ 
tremely high sagittal crest, and more poster- 
odorsally produced nuchal crest. 

Discussion: The strikingly robust skull 
and teeth of Aelurodon, mirroring in many 
ways the cranial and dental construction of 
bone-crushing hyaenids, attracted the atten¬ 
tion of early vertebrate paleontologists (see 
Baskin, 1980, for a recent summary). Such 
attention quickly resulted in a proliferation of 
names during the pioneering era of North 
American vertebrate paleontology. In the first 
comprehensive review, VanderHoof and 
Gregory (1940) listed more than a dozen 
nominal species of “ Aelurodon ” (including 
Epicyon ) but went little beyond reiteration of 
many of the previous “species,” essentially 
following the phylogenetic scheme advanced 
by Matthew (1924, 1930). Shortly afterward, 
McGrew (1944b) offered the insight that the 
multiple species of Aelurodon may be divid¬ 
ed into two groups—the A. taxoides species 
group and the “A.” saevus species group— 
an idea further elaborated by Mawby (1964, 
1965). In attempting to determine to which 
of these two groups the type species A. ferox 
belongs, Richey (1979: 108) took note of a 
crest between the P4 protocone and paracone 
in the taxoides group and concluded that the 
holotype of A. ferox, lacking this crest, prob¬ 
ably belonged to the saevus group. Baskin 
(1980), however, investigated the P4 mor¬ 
phology in greater depth and determined that 
the genus Aelurodon should be restricted to 
the A. taxoides group, and Epicyon should be 
resurrected for the “A.” saevus group. Bas¬ 
kin’s phylogenetic outline is basically con¬ 
sistent with our own analysis, although his 
P4 protocone synapomorphy is not complete¬ 
ly unique within Epicyon and is also shared 
by Borophagus. 

Aelurodon asthenostylus 
(Henshaw, 1942), new rank 
Figures 74-76 

Aelurodon wheelerianus asthenostylus Henshaw, 

1942: 111, pi. 4, figs. 1, 2. 
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Fig. 74. Aelurodon asthenostylus. LACM-CIT 781, holotype, Siebert Formation (late early Barsto- 
vian), San Antonio Mountains, near Tonopah, Nye County, Nevada. Ramus and lower teeth reversed 
from right side. Illustration by X. Wang. 


Holotype: LACM-CIT 781 (formerly 
LACM-CIT 2816), partial palate with left 
and right P4—M2 and partial mandible with 
left and right cl—m2 (fig. 74), from Tonopah 
Local Fauna, LACM-CIT loc. 172-C, Siebert 
Formation (late early Barstovian), San An¬ 
tonio Mountains, near Tonopah, Nye County, 
Nevada. 

Referred Specimens: From the type local¬ 
ity: LACM-CIT 775, left maxillary with P4 
broken—Ml; and LACM-CIT 776, partial 
mandible with p3—m2. 

Second Division Fauna, Mud Hills, Bar- 
stow Formation (late early Barstovian), San 
Bernardino County, California: F:AM 27161, 
partial skull with Cl-Pl alveoli, P2-M2, and 
partial mandible with cl—pi alveoli and p2— 
m3 (fig. 75A-F); F:AM 27221, left maxillary 
with II broken-M2 (P1-P2 broken); F:AM 
27223, left partial ramus with i2-pl all bro¬ 
ken and p2—m2 (p3, ml, and m2 all broken); 
and F:AM 27162 and 27162A, fragmentary 


posterior partial skull with P4 broken—M2, 
mandible with i2-cl all broken, pi—m2, and 
m3 alveolus, radius, partial ulna, metacarpals 
III, IV, and V, calcaneum, astragalus, and 
proximal part of metatarsals IV and V. 

Barstow Fauna, Barstow Formation (early 
late Barstovian), San Bernardino County, 
California: North End: F:AM 27154, palate 
with 11-12 alveoli, I3-M2, and mandible 
with i2-m3; F:AM 27158, left partial max¬ 
illary with P4—M2 and right partial ramus 
with pi alveolus—m2 (p4 alveolus) (upper 
and lower jaws probably do not belong to the 
same individual); F:AM 27174, left ramus 
with cl broken and p2 broken—m3; F:AM 
67070, right partial ramus with p3—m2 all 
broken. Skyline Quarry: F:AM 31106, left 
partial ramus with cl—m2. Four ft below 
New Year Quarry: F:AM 61709, right and 
left maxillary with II alveolus, 12, I3-P2 al¬ 
veoli, P3 broken—M2, and both rami with 
cl—m2 (pi alveolus, ml—m2 both broken). 
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Fig. 75. Aelurodon asthenostylus. A, Lateral, B, ventral, and C, dorsal views of skull, D, upper teeth, E, lower teeth, and F, ramus, F:AM 
27161, Second Division Barstow Bluffs, Barstow Formation (late early Barstovian), San Bernardino County, California. G, Lateral view of skull, 
H, upper teeth, and I, ventral view of skull, F:AM 27159, Hemicyon Stratum, Barstow Formation (early late Barstovian), San Bernardino County, 
California. The longer (upper) scale is for D, E, and H, and the shorter (lower) scale is for the rest. 
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Fig. 76. Aelurodon asthenostylus. A, Lateral and B, enlarged occlusal views of maxillary and upper teeth, C, lower teeth, and D, ramus, F: 
AM 27170A, Hemicyon Stratum, Barstow Formation (early late Barstovian), San Bernardino County, California. E, Lower teeth and F, ramus, 
F:AM 28356, Horse Quarry, Pawnee Creek Formation (early late Barstovian), Weld County, Colorado. G, Lateral, H, ventral, and I, dorsal views 
of skull (crushed frontal area restored), F:AM 28351, Pawnee Buttes, Pawnee Creek Formation (late early Barstovian), Weld County, Colorado. 
The longer (upper) scale is for B and C, and the shorter (lower) scale is for the rest. 
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New Year Quarry: F:AM 67072, right partial 
ramus with cl—m2 (pi alveolus). Prospect 
near Chert Ridge: F:AM 67063, left partial 
maxillary with P4-M2; F:AM 67065, right 
partial ramus with il—pi roots and p2—m2 
(m2 broken and m3 alveolus). New Hope 
Quarry: F:AM 67068, left partial ramus with 
cl broken and p2-m2; F:AM 67077, left par¬ 
tial ramus with i3—cl both broken and pi 
alveolus—m2 (p2, p4, and ml all broken). 
Hidden Hollow Quarry: F:AM 67062, partial 
skull with C1-M2 (PI and P4 both broken); 
F:AM 67071, right and left rami with il-cl 
(i3 broken), pi alveolus, and p2—m3; F:AM 
67074, right and left rami with cl-m3; F:AM 
67075, right ramus with cl and p4—m3; F: 
AM 67079, left partial ramus with il-ml (pi 
alveolus); and F:AM 67080, palate with 12- 
Id, C1-P2 alveoli, and P3-M2. Leader Quar¬ 
ry: F:AM 67064, right and left partial max¬ 
illae with C1-M2 (PI alveoli) and skull frag¬ 
ments; and F:AM 67076, right ramus with 
i 1—i3 alveoli, cl broken, pi alveolus, p2 bro¬ 
ken—m2, and m3 alveolus. First Division: F: 
AM 67067, right maxillary fragment with 
P4—Ml both broken, detached broken pre¬ 
molars and incisors, and left partial ramus 
with p3 broken—m3 (ml broken). Hemicyon 
Stratum (some specimens are questionably 
referred to this quarry): F:AM 27155, ante¬ 
rior part of skull with 11—PI alveoli and P2— 
M2; F:AM 27155A, left partial maxillary 
with P3-M2; F:AM 27157, anterior part of 
skull with 11-PI alveoli and P2-M2; F:AM 
27157A, right partial maxillary with P4-M2 
(Ml broken); F:AM 27158A, left partial 
maxillary with P4-M1; F:AM 27159, skull 
with II—M2 (fig. 75G-I); F:AM 27160, 
crushed partial skull with II—P2 alveoli and 
P3-M2; F:AM 27163, anterior part of skull 
with 12 broken-M2; F:AM 27164, partial 
skull with C1-P2 alveoli, P3-M1 both bro¬ 
ken, and M2 alveolus; F:AM 27165, partial 
skull with P1-P3 alveoli and P4-M2 (Ml 
broken); F:AM 27166, anterior part of skull 
with Cl-PI alveoli and P2 broken-M2; F: 
AM 27166A, crushed partial skull with P4 
broken-M2; F:AM 27168, left partial max¬ 
illary with P2 broken-M2; F:AM 27169, 
right partial maxillary with P3-M2; F:AM 
27170, left maxillary fragment with P3-M1; 
F:AM 27170A, left partial maxillary with 
P3—Ml, right and left rami with cl—m2 (pi 


and m3 alveoli) (fig. 76A-D); F:AM 27171, 
crushed partial skull with P3 alveolus and P4 
broken-M2; F:AM 27172, partial skull with 
P2 broken, P3 alveolus, and P4-M2; F:AM 
27173, right and left partial rami with cl bro- 
ken-m3; F:AM 27178, left partial ramus 
with ml-m3; F:AM 27181, right partial ra¬ 
mus with cl broken—m2 (p2 broken) and m3 
alveolus; F:AM 27182, right ramus with cl— 
p3, p4-m2 all broken, and m3; F:AM 27186, 
left partial ramus with ml-m3; F:AM 27187, 
left partial ramus with ml broken—m3; F:AM 
27188, left ramus with cl—m3 (pi alveolus); 
F:AM 27190, right partial ramus with pi al¬ 
veolus—m3; F:AM 27191, right partial ramus 
with cl broken—pi alveolus, p2—m2, and m3 
alveolus; F:AM 27192, left partial ramus 
with cl—m2 (pi and m3 alveoli); F:AM 
27193, left partial ramus with pi alveolus— 
m2; F:AM 27194, left partial ramus with p4- 
m3; F:AM 27195, left partial ramus with cl- 
ml (p2 alveolus); F:AM 27196, left partial 
maxillary with P4-M2; F:AM 27198, right 
partial ramus with cl broken—m2 (pi alveo¬ 
lus and p2-p3 both broken); F:AM 27199, 
left partial ramus with cl—m2 (pi alveolus 
and p4 broken); F:AM 27200, left partial ra¬ 
mus with p3—m2 (ml broken) and m3 alve¬ 
olus; F:AM 27201, left partial ramus with 
cl-m2 (pi and m3 alveoli); F:AM 27203, 
left partial ramus with cl broken—m2 (pi al¬ 
veolus and p4—ml both broken); F:AM 
27204, right partial ramus with p2—p3 and 
p4-ml both broken; F:AM 27206, left par¬ 
tial ramus with p3-m2; F:AM 27207, right 
ramal fragment with ml—m2 both erupting; 
F:AM 27208, left ramal fragment with p3- 
m2 (p4—ml both broken); F:AM 27209, right 
partial ramus with cl broken—m3 (pi and p3 
alveoli and p2 broken); F:AM 27215, left 
partial immature ramus with dp4 broken and 
cl—ml all unerupted; F:AM 31101, partial 
mandible with il—m2 (pi alveolus) and m3 
alveolus; F:AM 67069, left partial ramus 
with cl alveolus and p2 broken—m3; and F: 
AM 67084, posterior part of skull. Horizon 
below Split Ridge: F:AM 67073, right and 
left rami with cl—m3 (p3 and p4 both bro¬ 
ken). 

Pawnee Creek Formation (late early Bar- 
stovian), Weld County, Colorado: Pawnee 
Buttes: AMNH 9359, immature anterior part 
of skull with dI3, dCl, dP3-dP4, erupting 



1999 


WANG ET AL.: SYSTEMATICS OF BOROPHAGINAE 


175 


11—12, PI, and erupting P4. Two mi west of 
Quarry: F:AM 28351, skull with 11 alveo¬ 
lus—M2 (fig. 76G—1). Davis Ranch, first can¬ 
yon east of the Kiota Road: F:AM 67323, 
right partial ramus with cl, pi—p3 alveoli, 
p4—m2 and m3 alveolus. Hereford, middle 
horizon: F:AM 28301, right and left rami 
with cl broken, pi, p2 broken, p4—m2, and 
m3 alveolus. No locality data: F:AM 28310, 
right partial maxillary with P3 broken—M2; 
F:AM 28312, left maxillary fragment with 
broken Ml; F:AM 28312A, right partial 
maxillary with P4-M2; and F:AM 70800, 
right isolated Ml. 

Pawnee Creek Formation (early late Bar- 
stovian), Weld County, Colorado: Horse 
Quarry: F:AM 28309, left maxillary with 
11—12 alveoli, 13 broken, and Cl alveolus— 
Ml (P2-P3 broken and M2 alveolus); F:AM 
28311, right ramus with i 1—i3 alveoli, cl, 
p2-ml, and m2-m3 alveoli; F:AM 28313 
and 28313A, left partial maxillary with P2— 
P3 alveoli, P4, and M1-M2 both broken, 
and right metacarpal II; F:AM 28329, right 
broken ml; F:AM 28354, left partial ramus 
with cl and p2-ml; F:AM 28355, right iso¬ 
lated M2, mandible with il—m2 and m3 al¬ 
veolus, both femora, left tibia and fibula, 
both calcanea and astragali, left metatarsals 
11 , IV, and V, and right metatarsals 111 and 
IV, vertebrae, and ribs; F:AM 28356, man¬ 
dible with il alveolus—m3 (fig. 76E, F) and 
associated limb elements of more than one 
individual including, left humerus, two left 
radii, left ulna with distal end missing, and 
left metacarpals 111 , IV, and V; F:AM 28357, 
left partial maxillary with Ml—M2; and F: 
AM 107720, posterior part of skull. 

Surprise Quarry, Hay Springs Creek 
Drainage, Sand Canyon Formation (early 
Barstovian), Dawes County, Nebraska: F: 
AM 25417, left partial maxillary with P4- 
M2. 

Driftwood Creek, Ogallala Group (early 
late Barstovian), Hitchcock County, Nebras¬ 
ka: AMNH 96687, left partial ramus with i2- 
pl alveoli, p3—p4 both broken, ml alveolus, 
m2, and m3 alveolus. 

Distribution: Early Barstovian of Nebras¬ 
ka, Colorado, Nevada, and California; and 
early late Barstovian of Nebraska, Colorado, 
and California. 

Emended Diagnosis: As distinguished 


from Tomarctus, derived characters of Ae- 
lurodon asthenostylus that are shared with 
advanced species of Aelurodon include sag¬ 
ittal crest high, bulla enlarged, mastoid pro¬ 
cess enlarged, P4 protocone reduced, P4 
parastyle strong. Ml and M2 smaller rela¬ 
tive to carnassial, Ml lingual cingulum re¬ 
duced anteriorly, ml talonid narrowed, m2 
reduced, and m2 metaconid low relative to 
protoconid. A. asthenostylus, on the other 
hand, is primitive relative to the derived 
species of Aelurodon in its smaller size (ex¬ 
cept A. stirtoni), paroccipital process less 
elongated, 13 less enlarged, premolars less 
massive and lacking distinct anterior cin- 
gular cusps, and Ml with large metaconule. 
In addition, A. asthenostylus lacks the syn- 
apomorphy for the A. megrewi—stirtoni 
clade, that is, extremely reduced M2 and 
m2. Compared to the A. ferox—taxoides 
clade, A. asthenostylus is primitive in its 
less broadened contact of premaxillary and 
frontal, lower sagittal crest, nuchal crest less 
posterodorsally produced, and 13 with two 
lateral accessory cusplets only. An autapo- 
morphy for A. asthenostylus is its promi¬ 
nently broadened palate. 

Description and Comparison: Large sam¬ 
ples of skulls and jaws from the Barstovian 
of California and Colorado greatly increase 
our knowledge of this species, originally 
named from Tonopah, Nevada. Unlike To¬ 
marctus, which shows only the initial devel¬ 
opments of aelurodontine cranial propor¬ 
tions, the skull of Aelurodon asthenostylus 
displays many derived characteristics of the 
clade. The pattern of cranial proportions of 
A. asthenostylus in the ratio diagram (fig. 71) 
is consistent with other species of Aelurodon, 
with a relatively deep and wide zygomatic 
arch, broad rostrum, and reduced M2. The 
palate is noticeably broadened relative to that 
in Tomarctus and the A. megrewi—stirtoni 
clade. Contact between the premaxillary and 
frontal is strong, but less than that in the A. 
ferox—taxoides clade. The frontal sinus is at 
a stage of development similar to Tomarctus, 
in which the sinus is extended posteriorly 
slightly beyond the frontal-parietal suture. 
The sagittal crest can be as low as in To¬ 
marctus, but some individuals (F:AM 67062, 
F:AM 28351, and probably F:AM 27161) 
have acquired a crest as high as those in A. 
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mcgrewi. The nuchal crest is narrow in pos¬ 
terior view, but not as posteriorly expanded 
as in the A. ferox—taxoides clade. The mas¬ 
toid process is enlarged. The paroccipital 
process is strongly built, sometimes with a 
long free tip. 

Aelurodon asthenostylus has the dental 
proportions of later aelurodontines with its 
strong premolars, large P4 parastyle, high- 
crowned Ml paracone, reduced Ml meta- 
conule, and reduced size of Ml—M2 and m2, 
characters that readily distinguish them¬ 
selves from those in Tomarctus. The pre- 
molars, however, generally lack the strong 
development of accessory cusps, especially 
the anterior cusplets, that are better devel¬ 
oped in more derived species of Aelurodon. 
The P4 has a more reduced protocone than 
in Tomarctus. Other tendencies toward hy- 
percarnivory include long shearing blades 
for upper and lower carnassials, reduced ml 
metaconid, reduced ml entoconid relatively 
to the hypoconid, reduced ml talonid, re¬ 
duced m2 metaconid, and smaller m2—m3— 
all evolved to enhance the shearing part of 
dentition at the expense of the grinding part. 

Discussion: Most of the derived features 
possessed by Aelurodon astheno stylus are 
those of the traditional concept of Aelurodon . 
It appears to have gradually evolved to A. 
ferox and, if so, our division of these two 
forms is more out of convenience of reflect¬ 
ing an anagenetic rather than a cladogenetic 
event. On the other hand, there is a larger 
morphological gap between Tomarctus bre- 
virostris and A. asthenostylus. This gap is of 
interest since we can observe a rapid replace¬ 
ment of Tomarctus by Aelurodon with a brief 
coexistence of these two in the Barstow and 
Pawnee Creek formations. Although still 
poorly known, several partial lower jaws 
from the Valley View Quarry of the Second 
Division Fauna are tentatively identified as 
Tomarctus brevirostris (see referred speci¬ 
mens under the species). Most specimens of 
A. asthenostylus, on the other hand, are from 
the Barstow Fauna, suggesting a replacement 
of Tomarctus by A. asthenostylus in the late 
early Barstovian of southern California. In 
the Pawnee Creek Formation of Colorado, 
however, these two taxa apparently coexisted 
(at least found together in Horse and Mas¬ 
todon quarries, see also Discussion under 


Protepicyon raid for its distinctions from A. 
asthenostylus). 

Individuals from the Pawnee Creek For¬ 
mation in Colorado are in general slightly 
larger and more derived than those from the 
Barstow Formation, and they bridge the gap 
between the typical members of A. asthen¬ 
ostylus and A. ferox. The link provided by 
the Colorado form suggests a rather contin¬ 
uous transformation from A. asthenostylus to 
A. ferox, with the implication that the divi¬ 
sion between these taxa is somewhat arbi¬ 
trary. 

Aelurodon mcgrewi, new species 
Figure 77C-G 

Aelurodon wheelerianus (Cope. 1877): Cope, 
1881a: 388 (in part); 1883: 245. fig. 11a, b (in 
part). Matthew and Gidley, 1904: 250, fig. 3 (in 
part). Cope and Matthew, 1915: pi. CXIXa. 
figs. 1—3 (in part). Barbour and Cook, 1917: 
179, fig. 6 (in part). Colbert, 1939: 65 (in part). 
Prohyaena wheelerianus (Cope): Schlosser, 1890: 
25 (in part). 

Strobodon stirtoni (Webb. 1969a): Evander. 1986: 

28, figs. 5, 7E, 8E (in part). 

Aelurodon cf. A. wheelerianus (Cope): Voorhies, 
1990a: A118 (in part). 

Holotype: AMNH 22410, partial skull 
with 11—12 alveoli and 13—M2, right ramus 
and left partial ramus with i 1—i2 alveoli and 
i3—m3 (pi broken) (fig. 77E—G), complete 
cervical vertebrae, partial right scapula, left 
humerus, and postcranial fragments, south of 
Norden, Devil’s Gulch Member, Valentine 
Formation (late Barstovian), Brown County, 
Nebraska. 

Etymology: Named for Paul O. McGrew 
in recognition of his many contributions to 
knowledge of the Neogene rocks and faunas 
of the Great Plains and for his study, with R. 
A. Stirton, of the Borophaginae. 

Referred Specimens: Crookston Bridge 
Member, Valentine Formation (late Barsto¬ 
vian), Cherry and Keyapaha counties, Ne¬ 
braska (following list by Evander, 1986): 
Railway Quarry A (UNSM loc. Cr-12): 
UNSM 76620, right immature ramus with cl 
erupting, pi—p4 alveoli, ml broken, m2 al¬ 
veolus, and m3 erupting (Evander, 1986: figs. 
5, 7E). Railway Quarry B (UNSM loc. Cr- 
13): UCMP 63657, right partial maxillary 
with P2-M2 (Evander, 1986: fig. 8E) (fig. 
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77C, D). Stewart Quarry (UNSM loc. Cr- 
150): UNSM 1481-95: right ramus with il- 
m2 (pi alveolus) and m3 alveolus. Devil’s 
Jump Off: F:AM 25174, left partial ramus 
with i3—p2 alveoli, p3—ml, m2 broken, and 
m3 alveolus. Ripple Quarry: F:AM 70600, 
left partial ramus with cl—pi alveoli, p2—p4 
all broken, and ml—m2. Schoettger Quarry: 
F:AM 61744, left partial ramus with p3 al¬ 
veolus, and p4— m2. 

Devil’s Gulch Member, Valentine Forma¬ 
tion (late Barstovian), Brown and Cherry 
counties, Nebraska: Three mi above the Gar¬ 
ner Bridge on the north side of the Niobrara 
River: F:AM 61778, skull with 11-M2 and 
associated right incomplete ml and left hu¬ 
merus. Fairfield Creek, North Fork: F:AM 
35131, left partial ramus with pi—ml, m2 
root, and m3 alveolus. 

Republican River beds (late Barstovian), 
Ogallala Group, Red Willow County, Ne¬ 
braska: AMNH 8307 (referred to Aelurodon 
wheelerianus by Cope, 1883: fig. 11a, b), an¬ 
terior part of skull with 13 broken—M2, man¬ 
dible with il—m3, skull fragments, partial ra¬ 
dius and ulnae, carpus, and cervical verte¬ 
brae. 

Distribution: Late Barstovian of Nebras¬ 
ka. 

Diagnosis: Aelurodon mcgrewi shares 
with most species of Aelurodon derived fea¬ 
tures that are distinct from the more primitive 
A. asthenostylus: long free tip on the paroc- 
cipital process, enlarged 13, PI—P3 and pi— 
p4 massive and with more distinct anterior 
cingular cusplets, and Ml metaconule re¬ 
duced or absent. In addition, A. mcgrewi 
shares a derived character with A. stirtoni 
that is distinct from the A. ferox—taxoides 
clade: M2 metacone reduced or absent. A. 
mcgrewi is distinguishable from A. stirtoni in 
its primitive status of the following charac¬ 
ters: larger size, higher sagittal crest, nuchal 
crest more posteriorly expanded, posterior 
border of Ml not prominently recurved, m2 
not extremely shortened, and m2 metaconid 
present. In contrast to the A. ferox—taxoides 
clade, A. mcgrewi lacks derived characters of 
that clade: broad contact between premaxil¬ 
lary and frontal, extremely high sagittal crest, 
extremely broad palate, transversely straight 
upper incisor row, and 13 with three lateral 
accessory cusplets. 


Description and Comparison: Aelurodon 
mcgrewi is overall quite similar to A. ferox, 
especially to its earlier representatives. A. 
mcgrewi is close to A. ferox not only in size, 
but in cranial proportions, as shown in the 
ratio diagrams (fig. 71). However, derived 
features such as a reduced M2 and m2 and a 
broadened p4 show A. mcgrewi to be a mem¬ 
ber a small clade with A. stirtoni. The in¬ 
creasingly stronger premolars at the expense 
of the grinding part the dentition (Ml—M2 
and ml talonid—m3) is a general trend within 
the aelurodontine clade, but in A. mcgrewi 
this is manifested in a slightly different way. 
Thus, its p4 is relatively more broadened (fig. 
72) and its M2 has a more reduced metacone. 
A. mcgrewi has only a moderately broadened 
palate, a primitive character relative to A. as- 
thenostylus, suggesting that the narrower pal¬ 
ate in A. stirtoni may have been a character 
reversal. 

Discussion: Cope (1881a, 1883) referred a 
partial rostrum and mandible, AMNH 8307, 
from the Republican River of Nebraska to his 
earlier erected species Canis wheelerianus 
Cope, 1877, and changed the generic assign¬ 
ment of this species to Aelurodon. A. whee¬ 
lerianus was based on a partial ramus lacking 
all the teeth from Santa Fe, New Mexico, and 
the poor status of preservation of the holo- 
type became the source of considerable un¬ 
certainty surrounding its identity (see also 
discussion under A. ferox). Cope’s referred 
specimen from Nebraska has since been il¬ 
lustrated repeatedly (Cope, 1883: fig. 11a, b; 
Matthew and Gidley, 1904: fig. 3; Cope and 
Matthew, 1915: pi. CXIXa, figs. 1-3; Bar¬ 
bour and Cook, 1917: fig. 6), and with its 
well-preserved teeth became the focus of at¬ 
tention of this species instead of its poorly 
preserved holotype. In this sense A. wheeler¬ 
ianus thus symbolized a small-size Aeluro¬ 
don, in contrast to the larger A. taxoides, and 
even became the basis of a new genus Proh¬ 
yaena proposed by Schlosser (1890: 25). Al¬ 
though lacking much of the posterior and 
dorsal parts of the skull, AMNH 8307 pre¬ 
serves such derived dental features as re¬ 
duced M2 with a vestigial metacone, rela¬ 
tively widened p4, and shortened m2. These 
subtle features signal its position in A. 
mcgrewi, despite its general similarity to A. 
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Fig. 77. A, Enlarged occlusal and B, lateral views of maxillary and upper teeth, Aelurodon stirtoni, 
UCMP 33473, holotype. Fence Line Locality, Burge Member. Valentine Formation (late late Barstovian), 
Cherry County, Nebraska. C, Enlarged occlusal and D. lateral views of maxillary and upper teeth, A. 
mcgrewi, UCMP 63657, Railway Quarry B, Crookston Bridge Member, Valentine Formation (late Bar¬ 
stovian), Cherry County, Nebraska. E, Ventral view of skull, F, lower teeth, and G, ramus (reversed 
from right side), A. mcgrewi , F:AM 22410, holotype, south of Norden, Devil’s Gulch Member. Valentine 
Formation (late Barstovian), Brown County, Nebraska. The longer (upper) scale is for A, C, and F. and 
the shorter (lower) scale is for the rest. 

ferox (A. wheelerianus of most past referenc- ence was mainly based on UCMP 63657, a 
es). maxillary fragment with P2—M2 (another fig- 

Evander (1986: 28, figs. 5, 7E, 8E) re- ured specimen is UNSM 76220, a partial ra- 

ferred two specimens from the Railway quar- mus with a broken ml). Evander’s figure of 

ries, Crookston Bridge Member of Valentine this specimen (fig. 8E), however, shows a Ml 

Formation, to Strobodon stirtoni. His refer- with a rather unreduced metaconule and un- 
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shortened internal cingulum. The only dental 
features that suggest A. stirtoni appear to be 
its overall small size (compared to A. ferox 
from the same Railway quarries; see Evan- 
der, 1986: table 2) and its relatively small 
M2, which still has a distinct metacone in 
contrast to the loss of this cusp in A. stirtoni. 
It seems possible that the two specimens 
from the Railway quarries represent a prim¬ 
itive form of A. mcgrewi. 

Our identification of Aelurodon mcgrewi, 
from the Devil’s Gulch Member of the Val¬ 
entine Formation, that gave rise to A. stirtoni, 
from the Burge Member of the Valentine 
Formation, helps to bridge the morphological 
gap between A. stirtoni and other species of 
Aelurodon. It also provides evidence for 
character reversals, such as smaller size, low¬ 
er sagittal crest, and narrow palate, in A. stir¬ 
toni. 

Aelurodon stirtoni (Webb, 1969) 

Figures 77A, B, 78, 79 

Strobodon stirtoni Webb, 1969a: 43, fig. 8a, b. 

Voorhies, 1990a: 40. Munthe, 1998: 136. 

Holotype: UCMP 33473, left partial max¬ 
illary with P2 broken—Ml and M2 alveolus 
(fig. 77A, B) from Fence Fine Focality 
(UCMP loc. V3331), Burge Member, Val¬ 
entine Formation (late late Barstovian), 
Cherry County, Nebraska. 

Referred Specimens: Burge Member, Val¬ 
entine Formation (late late Barstovian), 
Cherry County, Nebraska: Swallow Quarry 
(UNSM loc. Cr-16): UNSM 25789 (AMNH 
cast 97286), skull with I1-M2 (PI alveolus) 
and left and right rami with cl—m3 (pi al¬ 
veolus) (fig. 78); F:AM 25171, right ramus 
with i3 alveolus—m2 (pi alveolus) and m3 
alveolus; and F:AM 25175, skull with 12 bro- 
ken-M2 (PI alveolus and P2-P3 both bro¬ 
ken), and left ramus with cl broken—m2 (pi— 
p3 alveoli and p4— ml both broken). Burge 
Quarry: F:AM 25177, right partial ramus 
with cl, pi—p2 alveoli, p3—m2 (ml broken), 
and m3 alveolus; F:AM 25178, right ramus 
with i 1—i3 alveoli, cl, pi alveolus—m2, and 
m3 alveolus (fig. 79A, B); F:AM 25179, left 
ramus with il—i3 alveoli, cl broken—pi al¬ 
veolus, p2—m2, and m3 alveolus; and F:AM 
25181, partial left ramus with cl broken, pi 
alveolus, and p2—ml. Gordon Creek: F:AM 


25182, left ramus with i 1—i3 alveoli, cl, pi 
alveolus—ml, and m2—m3 alveoli. Deep 
Creek: F:AM 25110, left ramus with il al¬ 
veolus—cl, pi—p2 alveoli, p3—m2, and m3 al¬ 
veolus. June Quarry: USNM 215320 
(AMNH cast 129868), partial skull with II- 
M2 and mandible with il—m3, and incom¬ 
plete skeleton with baculum (Munthe, 1989: 
figs. 5D, 6C, 7C, 9C, 11D, 12D-F, 13, 14B, 
15C, 17D, 18A). Spring Canyon, 1 mi from 
mouth of Snake River: UNSM 25694, ante¬ 
rior half skull with 12-13, Cl-PI alveoli, and 
P2-M2. 

Pojoaque and Chama El Rito members of 
Tesuque Formation (late Barstovian), Santa 
Fe and Rio Arriba counties. New Mexico: 
West Santa Cruz: F:AM 27492, partial skull 
with 11-12 alveoli and I3-M2 (PI alveolus 
and P3 broken) and both rami with i3—cl 
both broken, and pi alveolus—m3 (ml bro¬ 
ken) (fig. 79C—G). Santa Cruz, Second Wash: 
F:AM 27367, left maxillary fragment with 
erupting P4; and F:AM 27474, immature pal¬ 
ate with dCl, dP3-dP4 both broken, 12 
erupting. Cl erupting, and P2—Ml all erupt¬ 
ing. Santa Clara: F:AM 27481, crushed ar¬ 
ticulated fragments of skull with 11 root—M2 
(13, Cl, and P2—M2 all broken). Aelurodon 
Wash, Rio del Oso, Abiquiu: F:AM 70501, 
left partial ramus with pi (detached), p2—m2, 
and premaxillary fragment with Cl. 

Distribution: Fate late Barstovian of Ne¬ 
braska and late Barstovian of New Mexico. 

Emended Diagnosis: Aelurodon stirtoni is 
distinguished from the more primitive A. 
mcgrewi in its autapomorphous features: 
smaller size, sagittal crest low (a reversal), 
nuchal crest not posteriorly expanded (rever¬ 
sal), extremely recurved posterior border of 
Ml, further shortened m2, and m2 metaconid 
absent. 

Description and Comparison: Through 
collections at the AMNH, UNSM, and 
USNM, Aelurodon stirtoni is now much bet¬ 
ter known than when it was first described 
more than 25 years ago. Three nearly com¬ 
plete skulls and several well-preserved rami 
are available. All northern Great Plains spec¬ 
imens are from the Burge Member of the 
Valentine Formation and, consistent with this 
short interval, the sample is rather uniform 
in size and morphology. 

The overall size of Aelurodon stirtoni is 
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Fig. 79. Aelurodon stirtoni. A, Lower teeth and B, ramus (reversed from right side), F:AM 25178, 
Burge Quarry, Burge Member, Valentine Formation (late late Barstovian), Cherry County, Nebraska. C, 
Lateral, D. ventral, and E, dorsal views of skull (reversed from right side), F. lower teeth, and G, ramus 
(reversed from right side), F:AM 27492, West Santa Cruz, Pojoaque Member, Tesuque Formation (late 
Barstovian), Santa Fe County, New Mexico. The longer (upper) scale is for A and F, and the shorter 
(lower) scale is for the rest. 
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significantly smaller than that of A. mcgrewi 
(which is 18% larger than the former in av¬ 
erage basal length of skull, although dental 
dimensions average only 9% larger). The 
general skull proportions of A. stirtoni are 
not very different from Tomarctus : the palate 
is only slightly broadened, the sagittal crest 
is low (probably a reversal), and the nuchal 
crest only slightly overhangs the occipital 
condyle. On the other hand, the proportional 
patterns of the ratio diagram of the skull of 
A. stirtoni (fig. 71) are unmistakably Aelu- 
rodozz-like, with a broad muzzle, wide and 
deep zygomatic arch, narrow postorbital con¬ 
striction, narrow braincase, enlarged bulla, 
and large mastoid process. 

Dentally, this species is not difficult to rec¬ 
ognize because of the distinctive shape of 
Ml and very reduced M2 and m2. The P4 is 
relatively longer than either of the more an¬ 
terior premolars (PI—P3) or the molars, as 
compared to those in Aelurodon asthenosty- 
lus and more derived A. ferox—taxoides clade 
(fig. 72). The P4 parastyle has a distinct lat¬ 
eral ridge from its apex leading up to the 
crown base in contrast to the lack of such a 
ridge in the latter clade. The uniquely “twist¬ 
ed” appearance of Ml, i.e., a sharp curve on 
the posterior border, is largely due to the 
combination of a shortened talon, a reduced 
metaconule (practically lost), and a more 
posterolingually restricted lingual cingulum 
(hypocone). The M2 is extremely reduced 
(but still double-rooted) and simple in cusp 
morphology. It is dominated by a paracone, 
and the metacone is absent. As in A. mcgrewi, 
the p4 is broadened, mostly due to a small 
lingual “lip” at the posterolingual corner of 
the tooth. Hypercarnivorous tendencies on 
the ml are mainly manifested in the reduced 
talonid relative to a long shearing blade of 
the trigonid. In all except two individuals (F: 
AM 25182 and UNSM 25789), the ml meta- 
conid is reduced to a mere vertical ridge, 
and, correspondingly, the m2 metaconid is 
lost except in F:AM 25179. In most individ¬ 
uals, the ml entoconid is reduced to a low 
longitudinal ridge to allow more space for a 
prominent hypoconid. 

Specimens from the Pojoaque Member of 
the Tesuque Formation, New Mexico, are al¬ 
most identical to the Burge sample both in 
size and dental morphology. F:AM 27474 


and 27481 have the characteristically twisted 
Mis (as for their northern Plains counter¬ 
parts), whereas F:AM 27492 has a slightly 
more primitive looking Ml (less sharply re¬ 
curved posterior border), as in A. mcgrewi. 
The latter has otherwise the typical cranial 
and dental morphology of the species. 

Discussion: The distinctly “twisted” Ml 
of a maxillary fragment from the Burge 
Member of the Valentine Formation led 
Webb (1969a) to erect a new genus Strobo- 
don. The Ml is so uniquely shaped among 
Borophagini that, even with the fragmentary 
holotype, a new genus seemed warranted. We 
now recognize an A. mcgrewi—stirtoni clade 
that is linked to the A. ferox—taxoides clade. 
Among the limited sample of the Aelurodon 
mcgrewi—stirtoni clade, we can observe a 
rather distinct morphological transformation 
from A. mcgrewi in the Devil’s Gulch Mem¬ 
ber to A. stirtoni in the Burge Member of the 
Valentine Formation. The geologically older 
A. mcgrewi is closer in morphology to A. as- 
thenostylus and the presumed primitive an¬ 
cestor of A. ferox. A. mcgrewi seems to have 
the right combination of primitive and de¬ 
rived morphology and to be the right geo¬ 
logical age to be an ancestor of A. stirtoni. 
If this scenario is correct, we are also wit¬ 
nessing a size reduction in A. stirtoni, prob¬ 
ably in response to the dominant, large-size 
A. ferox—taxoides clade. 

The relatively brief span represented by 
the Devil’s Gulch and Burge members im¬ 
plies that morphological transformation from 
Aelurodon mcgrewi to A. stirtoni must have 
happened quickly, in less than 500,000 m.y. 
Such a high rate of evolution is in contrast 
to that in the much longer lasting species pair 
A. ferox and A. taxoides for more than 5 mil¬ 
lion years from the early late Barstovian 
through the Clarendonian. Such a rapid 
emergence of A. stirtoni, in the face of what 
must have been formidable competition from 
A. ferox, is achieved by size reduction and 
exploiting more hypercarnivorous niches. 

Aelurodon ferox Leidy, 1858 
Figures 80, 81, 82D, E 

Aelurodon ferox Leidy. 1858: 22; 1869: 68, pi. 1, 

figs. 13, 14. VanderHoof and Gregory, 1940: 

148, fig. 4a-c. McGrew, 1944b: 79. Baskin, 
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1980: 1349, fig. 1A. Evander, 1986: 29, figs. 6, 
7F, 8F. Munthe, 1998: 136. 

Canis wheelerianus Cope, 1877: 302, pi. 69, figs. 
2, 2b. 

Aelurodon wheelerianus (Cope): Cope, 1881a: 
388. Scott, 1890: 67. VanderHoof and Gregory, 
1940: 148. Gregory, 1942: 347. McGrew, 
1944b: 79. Voorhies, 1990a: A118, figs. A25- 
A30 (in part). 

Prohyaena wheelerianus (Cope): Schlosser, 1890: 
25 (in part). 

Aelurodon platyrhinus Barbour and Cook, 1917: 
173, figs. 1-4. 

Aelurodon near wheelerianus (Cope): Thorpe, 
1922b: 439. 

Aelurodon taxoides magnus Thorpe, 1922b: 440, 
figs. 9-11. 

Tephrocyon marshi Thorpe, 1922b: 436, fig. 6. 
Euoplocyon taxoides magnus (Thorpe): Matthew, 
1924: 104. 

Aelurodon marshi (Thorpe): VanderHoof and 
Gregory, 1940: 153. Evander, 1986: 30. Mun- 
the, 1998: 136. 

Aelurodon taxoides (Hatcher, 1893): VanderHoof 
and Gregory, 1940: 149 (in part). Webb, 1969a: 
41 (in part). Baskin, 1980: 1349 (in part). 
Aelurodon francisi (Hay, 1924): Wilson. 1960: 
991, fig. 4b-k (in part). 

Aelurodon haydeni (Leidy, 1858): Messenger and 
Messenger, 1977: 98, fig. lg-i. 

Aelurodon cf. A. ferox (Leidy): Voorhies et al., 
1987: 62. 

Holotype: USNM 523 (AMNH cast 
9960), right isolated P4 (fig. 80F, G), “in the 
valley of the Niobrara River” (Leidy, 1858: 
22), Nebraska. VanderHoof and Gregory 
(1940: 143) suggested that the type locality 
“is probably the exposure about 1 mi east of 
Fort Niobrara, near Valentine, Nebraska.” 
Skinner and Johnson (1984: 244), however, 
found no evidence that the Hayden Expedi¬ 
tion had collected in the vicinity of Fort Ni¬ 
obrara, which was not founded until April of 
1880. 

Referred Specimens: Hottell Ranch Quar¬ 
ry (UNSM loc. Bn-10), undifferentiated bed 
in Ogallala Group temporally equivalent to 
the Cornell Dam Member of the Valentine 
Formation (early late Barstovian), Banner 
County, Nebraska: UNSM 3029-47, left ra¬ 
mus with i2—cl, pi alveolus, p2—m2, and m3 
alveolus. 

Cornell Dam Member, Valentine Forma¬ 
tion (early late Barstovian), Brown County, 
Nebraska: Norden Bridge Quarry (UNSM 


loc. Bw-106): F:AM 107754, left isolated in¬ 
complete ml; F:AM 107755, left maxillary 
fragment with Cl-PI alveoli and P2-P3; 
UNSM 2091-77, right maxillary with P4- 
M2; UNSM 2519-76, left maxillary fragment 
with Ml—M2; UNSM 83891, partial skull 
with 11—M2 (Voorhies, 1990a: fig. A29); 
UNSM 83892, right maxillary with P4-M2; 
UNSM 83898, right ramus with cl-m3; 
UNSM 83899, right ramus with p3-m2 and 
m3 alveolus; UNSM 83900, right ramus with 
i 1—i3 alveoli, cl, pi alveolus, p2—m2, and 
m3 alveolus; UNSM 83901, right ramus with 
cl, pi root, p2-m2; UNSM 83902, right ra¬ 
mus with i2—cl, pi—p2 alveoli, and p3—ml; 
UNSM 83903, left ramus with il—i3 alveoli, 
cl, pi alveolus, p2—m2, and m3 alveolus; 
UNSM 83904, right ramal fragment with 
ml-m2; UNSM 83905, left ramal fragment 
with cl—p2, p3 alveolus, and p4—ml broken; 
UNSM 83906 immature left ramus with 
erupting cl and p2—m2 (Voorhies, 1990a: fig. 
A31C, D); USNM 352360, skull with I1-M2 
(Voorhies, 1990a: figs. A25-27); USNM 
352361, partial left rostrum with 11-M2 (PI 
alveolus) (Voorhies, 1990a: fig. A28); and 
USNM 352364, right ramus with i2, i3 al¬ 
veolus, cl, pi alveolus—m2, and m3 alveolus 
(Voorhies, 1990a: fig. A30). 

Crookston Bridge Member, Valentine For¬ 
mation (late Barstovian), Boyd, Cherry, and 
Knox counties, Nebraska: Railway Quarry A 
(UNSM loc. Cr-12; list following Evander, 
1986): F:AM 61742, left ramus with i 1—i3 
alveoli, cl, pi alveolus, p2—m2, and m3 al¬ 
veolus (fig. 80D, E); F:AM 61743, left par¬ 
tial ramus with cl—p3 alveoli, p4— m2, and 
m3 alveolus; F:AM 61745, left partial max¬ 
illary with P3-M2; F:AM 67476, right meta¬ 
carpal IV; UCMP 33188, left maxillary frag¬ 
ment with P3 and P4 broken; UNSM 1093, 
skull with complete dentition (holotype of A. 
platyrhinus Barbour and Cook, 1917) (fig. 
80A-C); UNSM 25931, right premaxillary 
fragment with 13 and right isolated Ml; 
UNSM 26020, right ramus with cl, pi al¬ 
veolus—ml, and m2—m3 alveoli (Evander, 
1986: figs. 6, 7F); UNSM 76621, anterior 
part of skull with 11-12 alveoli and I3-M2 
(PI and P3 alveoli) (Evander, 1986: fig. 8F); 
UNSM 76622, left partial ramus with cl bro- 
ken-p3; UNSM 76623, right P4 broken; 
UNSM 76624, left humerus; UNSM 76625, 
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left ulna; UNSM 76626, right ulna, distal end 
missing; UNSM 76627, left distal part of hu¬ 
merus; UNSM 76628, left proximal end of 
femur; UNSM 76629, left distal part of tibia; 
UNSM 76630, right calcaneum; UNSM 
76631, right calcaneum; UNSM 76632, right 
metatarsal III; UNSM 76633, left metacarpal 
III; UNSM 76634, left metacarpal IV; 
UNSM 76635, right metacarpal III; and 
UNSM 76636, left metatarsal II. Crookston 
Bridge Quarry (UNSM loc. Cr-15): F:AM 
107719, left isolated m2. Jamber Quarry 
(UNSM loc. Bd-6): UNSM 9401, left ramus 
with c 1—m2 and m3 alveolus (referred to Ae- 
lurodon haydeni by Messenger and Messen¬ 
ger, 1977: fig. 1 g—i). Four Gate Quarry 
(UNSM loc. Kx-148): UNSM 2126-90, near¬ 
ly complete skull with 11—12, 13—PI alveoli, 
and P2—M2. Sand Lizard Quarry (UNSM 
loc. Kx-120): UNSM 2137-75, left ramus 
with i 1—i3 alveoli and cl—m3 (pi alveolus); 
and UNSM 2155-95, right ramus with p3- 
ml and m2 alveolus. West Valentine Quarry 
(UNSM loc. Cr-114): UNSM 2330-87, near¬ 
ly complete skull with entire upper dentition; 
UNSM 2556-87, left ramus with p4-ml, m2 
alveolus, and erupting m3; UNSM 2569-87, 
left ramus with p2-m2; and UNSM 3700-86, 
right ramal fragment with il—pi alveoli and 
p2—p4. 

Devil’s Gulch Member, Valentine Forma¬ 
tion (late Barstovian), Brown, Cherry, and 
Keyapaha counties, Nebraska: Devil’s Gulch 
below Horse Quarry: F:AM 25230, skull 
with II—M2 and mandible with il—m3, par¬ 
tial axis, and atlas. Devil’s Gulch upper zone: 
F:AM 25127, left partial ramus with i2-cl 
broken, pi—p4, and ml—m2 both broken. 
Devil’s Gulch Horse Quarry: F:AM 25226, 
partial skull with I3-P1 alveoli and P2-M1; 
F:AM 25227, left partial ramus with p2-m2; 
F:AM 25228, left ramus with i3 broken-m3; 
F:AM 25229, left partial ramus with cl and 
pi alveolus-m2; F:AM 61747, left partial ra¬ 
mus with p2 alveolus, p3—m2, and m3 alve¬ 
olus; F:AM 61748, left ramal fragment with 
ml erupting and detached p4 unerupted; F: 
AM 67002, posterior part of skull; F:AM 
67003, posterior part of skull; F:AM 67343, 
right maxillary fragment with P4; and F:AM 
107718, right detached P4. West fork of 
Deep Creek: F:AM 61746, skull with II al¬ 
veolus—M2, left ramus with cl broken, p2 


broken—m2, and m3 alveolus, and partial 
skeleton including the entire cervical verte¬ 
brae, five broken thoracics, most lumbars, 
partial left and right scapulae, left humerus, 
left radius, left ulna, right pelvis, metacarpal 
III, both metacarpals V, carpals, tarsals, cal¬ 
caneum, metatarsals II, IV, and V, and pha¬ 
langes, 25 ft below the Burge Member; and 
F:AM 70624, anterior part of skull with II- 
12, I3-C1 alveoli, and P1-M2, left ramus 
with i2—m2 and m3 alveolus, axis, third- 
fourth cervicals, broken thoracics and lum¬ 
bars, left humerus, right radius, partial left 
radius, partial right ulna, metacarpals II and 
V, metatarsals III and incomplete IV, scapho- 
lunar, and two proximal phalanges, 20 ft be¬ 
low the Burge Member. Ten ft below the 
Burge Member, first canyon of Snake River: 
F:AM 67346, immature partial skeleton in¬ 
cluding skull with dI2, dCl, dP2-dP4, and 
P4—Ml unerupted, left and right rami with 
di2—cl, dp2—dp4, and ml unerupted, atlas 
through fifth cervical vertebrae, partial ma- 
nus, partial tibia, and partial pes. Steer Creek: 
F:AM 67344, posterior part of skull, 40 ft 
below Burge Member. White Cliffs on Plum 
Creek: F:AM 70610, left partial ramus with 
p3—m2. Nenzel Quarry: F:AM 70609, right 
partial ramus with ml—m2 and m3 alveolus. 
Sawyer Quarry: F:AM 54203, right ramus 
with cl—pi alveoli, p2—m2 (p4 broken), and 
m3 alveolus; and F:AM 54204, right partial 
ramus with p3—m2. Meisner Quarry: F:AM 
25247, crushed skull with 11-12 alveoli and 
I3-M2 (P4 broken) and left ramus with cl— 
p3 alveoli, p4— ml, m2 broken, and m3 al¬ 
veolus. First canyon west of Bailing Springs, 
south side of Niobrara River, South of Cody: 
F:AM 61749, right partial ramus with cl—p2 
alveoli, p3—m2, and m3 broken. Southeast of 
Springview in Keyapaha County: UNSM 
1222-91, left ramus with cl-p4 all broken 
and ml—m2. 

Burge Member, Valentine Formation (late 
late Barstovian), Cherry and Knox counties, 
Nebraska: Burge Quarry: F:AM 61753, skull 
with 12—M2 (fig. 81); F:AM 61754, partial 
skull with I1-M2; F:AM 61755, partial skull 
with 11-12 alveoli, 13, Cl-Pl alveoli, and 
P2-M2; F:AM 61756, right maxillary with 
PI—M2; F:AM 61757, skull with I1-M2 (PI 
root); F:AM 61759, left isolated Ml; F:AM 
61762, left ramus with cl broken, pi alveo- 
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lus—m2 (p3 broken and m3 alveolus); F:AM 
61763, right ramus with i2 broken, i3—pi al¬ 
veoli, p2—m2, and m3 alveolus; F:AM 
61766, left ramus with ml and alveoli of all 
other teeth; F:AM 61767, left ramus with cl 
broken, pi alveolus—m2, and m3 alveolus; F: 
AM 61770, right ramus with il—pi alveoli, 
p2-ml, and m2-m3 alveoli; F:AM 61771, 
left ramus with i 1—i3 alveoli and cl—m3 al¬ 
veolus (fig. 82D, E); F:AM 67004, immature 
right maxillary fragment with PI alveolus, 
dP2-dP4, and P4-M1 unerupted; F:AM 
67005, immature right maxillary fragment 
with dP3—dP4, and Ml unerupted (this may 
be the same individual as F:AM 67004); 
UCMP 32241 (referred to Aelurodon taxo- 
ides by Webb, 1969a: 41), nearly complete 
right ramus with i 1—i3 alveoli, cl—m2, and 
m3 alveolus; and UCMP 32558, left ramus 
with cl alveolus, p2—ml all broken, and m2— 
m3 alveoli. June Quarry: F:AM 61758, right 
partial maxillary with P2-M2; F:AM 61775, 
right isolated ml; and F:AM 107717, right 
partial ramus with i 1—i3 alveoli, cl broken, 
pi alveolus—p4, and ml broken. East fork of 
Deep Creek: F:AM 61772, left ramus with 
i2—ml, m2 broken, and m3 alveolus. White 
Point Quarry: F:AM 61776, left partial ra¬ 
mus with i 1—i3 alveoli, cl, and pi alveolus— 
p4. Lucht Quarry: F:AM 61774, left partial 
ramus with ml broken—m2 and m3 alveolus. 
Midway Quarry: F:AM 61768, right partial 
ramus with cl—pi alveolus, p2—m2, and m3 
alveolus; F:AM 61765, right and left rami 
with i 1 —i3 alveoli and cl—m3 alveolus; and 
F:AM 61773, left ramus with cl—pi alveoli, 
p2—ml, m2 broken, and m3 alveolus. East 
fork of Fairfield Creek: F:AM 61761, right 
and left rami with il—m2 and m3 alveolus, 
broken atlas, partial fibula, and phalanges; 
and F:AM 107716, right ramal fragment with 
m2 and m3 alveolus. Gordon Creek Quarry 
(UNSM loc. Cr-14): F:AM 61764, right par¬ 
tial ramus with il and p2 unerupted, dp3— 
dp4 both broken, and ml—m2 both erupting; 
and UNSM 25932, left ramus with cl, pl- 
p2 alveoli, p3 broken—ml, and m2—m3 al¬ 
veoli. Meisner Slide: F:AM 61777, left par¬ 
tial ramus with il—i3 alveoli, cl broken, pi 
alveolus—p4, and ml broken. Talus in con¬ 
nection with Moore Creek Quarry No. 1: F: 
AM 25128, right partial ramus with ml bro- 
ken-m2. Bug Prospect (UNSM loc. Kx-119): 


UNSM 46815, partial skull and complete 
mandible with 11-M2 and il-m2. 

Valentine Formation, Nebraska: Tihen Fo- 
cality (UCMP loc. 6259), Keyapaha County: 
UCMP 64726, isolated right P1-M2 (P4 bro¬ 
ken), left and right rami with cl, pi alveo¬ 
lus—m2, and m3 alveolus. A few mi east of 
mouth of Antelope Creek, Cherry County: 
YPM 10057 (holotype for Aelurodon taxo- 
ides magnus Thorpe, 1922b: 440, figs. 9— 
11), partial right maxillary-premaxillary with 
II—Cl alveoli and PI broken—Ml, both rami 
with cl—m3. West of mouth of Minnecha- 
duza Creek, Cherry County: YPM 12787 
(holotype of Tephrocyon marshi Thorpe, 
1922b: 436, fig. 6), left ramus with p2—p3, 
p4 alveolus, and ml—m2. “Niobrara River“: 
YPM 10060 (referred to Aelurodon near 
wheelerianus by Thorpe, 1922b: 439), partial 
maxillary with P4—Ml, left ramus with cl, 
pi alveolus, p2—p3, and part of ml—m2. 

Hardin Bridge, Niobrara River, Ogallala 
Group, temporally equivalent to the Burge 
Member of the Valentine Formation (late 
Barstovian), Sheridan County, Nebraska: F: 
AM 70604, right ramus with i3 alveolus, cl, 
pi alveolus—m2, and m3 alveolus. 

From 2.9 mi east of White Clay, along the 
Nebraska—South Dakota state line, Ogallala 
Group, temporally equivalent to the upper 
part of the Valentine Formation (late Barsto¬ 
vian), Nebraska and South Dakota: F:AM 
61750, crushed fragmentary skull with both 
partial maxillae with P4—M2 and broken de¬ 
tached teeth, and both rami with cl broken— 
m3 (pi—p3 broken), 14 mi north of Nebras¬ 
ka-South Dakota state line; F:AM 61751, 
right and left partial rami with cl—m3 (pi 
alveolus), south side of the Nebraska—South 
Dakota state line; and F:AM 61752, left par¬ 
tial maxillary with P4-M2. 

Hazard Homestead Focality (UNSM Hk- 
104), Driftwood Creek, Republic River, 
Ogallala Formation (late Barstovian, tempo¬ 
rally equivalent to Crookston Bridge Mem¬ 
ber of Valentine Formation), Hitchcock 
County, Nebraska: UNSM 8539, right max¬ 
illary fragment with P3—p4 broken; UNSM 
91072, left premaxillary-maxillary with II— 
PI alveoli, P2, P3 alveolus, and P4-M2; 
UNSM 91073, fragmentary skull with P3- 
M2; UNSM 91074, right maxillary with P3- 
M2 (P3-M1 all broken); UNSM 91076, par- 
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tial anterior skull with II—PI alveoli and P3— 
M2; UNSM 91077, left ramus with il—i3 al¬ 
veoli, cl, pi alveolus, and p2—m2 broken; 
UNSM 2015-90, left ml; UNSM 1000-89, 
right ramus with p2-ml; and UNSM 1255- 
91, partial mandible with i2, cl—ml, and 
m2—m3 alveoli. 

Ogallala Group (late Barstovian), Knox 
County, Nebraska: Spatz Quarry (UNSM 
Kx-103): UNSM 26126, partial left and right 
rami with p2—m2. 1.1 mi west of Miller 
Creek on Devil’s Nest Road (UNSM loc. Kx- 
116): UNSM 8538, left ramus with cl-m2 
and m3 alveolus. 

Niobrara River, NEU of SE of sect. 20, 
T29N, R45W, ?Valentine Formation (?late 
Barstovian), Sheridan County, Nebraska: F: 
AM 61779, isolated right 12, broken right P4, 
and isolated left p4—m2. 

Cold Spring Fauna, Fleming Formation 
(early late Barstovian), San Jacinto and Polk 
counties, Texas (referred to Aelurodon fran- 
cisi by Wilson, 1960: 991): TMM-BEG 
31191-9 (AMNH cast 89630), left ramal 
fragment with cl—pi broken and p2—p3 (Wil¬ 
son, 1960: fig. 4b, c); TMM-TAMU 2634B 
(AMNH cast 89630), partial left ramus with 
p4—m2 (ml broken); TMM-BEG 31191-23 
(AMNH cast 89624), right partial maxillary 
with P4-M1 (Wilson, 1960: fig. 4d, e). Site 
2; TMM-BEG 31191-30 (AMNH cast 
89617), left isolated P4 (Wilson, 1960: fig. 
4f, g) and left isolated P3, Site 2; and TMM- 
BEG 31183-72 (AMNH cast 89620), isolated 
II, 12, and 13 (Wilson, 1960: fig. 4h-k), and 
right maxillary fragment with P4 alveolus 
and Ml, Site 2. 

Santa Cruz area, Pojoaque Member of Te- 
suque Formation (late Barstovian), Rio Ar¬ 
riba and Santa Fe counties. New Mexico: F: 
AM 27340A, right and left rami with i3-m3, 
partial right scapula, both humeri (crushed), 
partial left and right ulnae, both radii, partial 
left hand with carpals, metacarpals I, IV, and 
V, proximal through distal phalanges, partial 
left and right femuri, partial left and right 
tibia, partial left and right feet with calca- 
neum, astragalus, tarsals, metatarsals 1—V, 
and proximal through distal phalanges, be¬ 
tween Second and Third washes; F:AM 
27341, fragmentary skull with I1-P3 alveoli 
and P4-M2 all broken, Red Sand; F:AM 
27343, left ramus with il—pi alveoli and 


roots, p2—ml all broken, and m2—m3. Sec¬ 
ond District; F:AM 27345, partial crushed 
skull with Cl broken—M2 (PI alveolus and 
P3 broken); F:AM 27346, skull with 11-13 
alveoli and Cl-M2 (P3 and M2 broken), and 
mandible with cl—m3 (pi alveolus), Red 
Sand; F:AM 27347, crushed posterior part of 
skull with Ml—M2 and detached maxillary 
fragments with Cl alveolus and PI broken— 
P4, Red Layer, ?Second Wash; F:AM 27349, 
right and left rami with i 1—i2 alveoli, i3—m2, 
and m3 alveolus. Third Wash; F:AM 27350, 
immature right and left maxillary fragments 
with dP4 and P3—Ml unerupted, both rami 
with di3, dp3—dp4, pi, and unerupted p4— 
m2; F:AM 27351 A, edentulous left ramus 
with all alveoli; F:AM 2735 IB, left partial 
ramus with p3-ml all broken; F:AM 27356, 
immature skull with dI2 broken-dP4 and un¬ 
erupted P4—Ml, and mandible with di3—dp4 
and unerupted p4—ml; F:AM 27357, crushed 
partial skull with II—PI alveoli, P2, and P4 
broken—M2, and left partial ramus with il— 
pi alveoli, p2—p4, and ml—m3 alveoli, Rio 
Grande Slope; F:AM 27358, partial mandible 
with c l—m2 and m3 unerupted, between First 
and Second washes; F:AM 27360, partial 
palate with II—Ml (M2 broken); F:AM 
27479, mandible with il-m2 and m3 alveo¬ 
lus, isolated upper canine, atlas, caudal ver¬ 
tebrae, both scapulae, left and partial right 
humeri, both ulnae, both radii, carpals, meta¬ 
carpals I—V, pelvis, both femora, both tibiae, 
both calcaneum, astragalus, tarsals, metatar¬ 
sals I, incomplete II, III—V, phalanges, and 
fragments, Rio Grande Slope; F:AM 27491, 
broken maxillary fragments and teeth includ¬ 
ing 13-C1 and P2-M2 all broken, “green,” 
east of Red Layer; F:AM 61722, left partial 
maxillary with P4-M1 both broken and M2, 
Second Wash; F:AM 61723, right ramus with 
il alveolus—m2 (p2—p4 broken) and m3 al¬ 
veolus, two partial thoracics, two lumbars, 
seven caudals, partial left and right scapulae, 
left and partial right humeri, pelvis, partial 
baculum, right femur, patella, right tibia, 
nearly complete right foot with calcaneum, 
astragalus, tarsals, metatarsals I—V, and prox¬ 
imal, middle, and distal phalanges, Santa 
Cruz Grant, 100 yd west of survey stake; F: 
AM 61733, left partial ramus with p2 bro¬ 
ken—m2 and m3 alveolus. First Wash; F:AM 
61734, left ramal fragment with p4 broken— 
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ml, head of First Wash; and F:AM 107708, 
left partial maxillary with P4 broken—M2, 
Third Wash. 

Pojoaque Bluffs area, Pojoaque Member 
of Tesuque Formation (late Barstovian), Rio 
Arriba and Santa Fe counties. New Mexico: 
AMNH 8309, left partial maxillary with P2 
alveolus and P3-M2 all broken; F:AM 
27351, right partial ramus with ml—m2 both 
broken, Pojoaque, right side of Santa Fe 
Road, 2 mi from Tesuque; F:AM 27351C, 
right and left partial rami with c 1 broken and 
p3—m2 all broken, lower Pojoaque Bluffs; F: 
AM 27490, skull with 11-13 alveoli and Cl- 
M2 (P4 broken), south Pojoaque Bluffs; F: 
AM 61721, right and left partial maxillae 
with P3—M2 and detached broken Cl, south¬ 
west Pojoaque Bluffs; F:AM 61724, right ra¬ 
mus with i2—m3 (ml broken), southwest Poj¬ 
oaque Bluffs; F:AM 61725, left partial ramus 
with p2—m2 all broken, central Pojoaque 
Bluffs; F:AM 61729, left ramus with all teeth 
represented by alveoli or broken, south Poj¬ 
oaque Bluffs; F:AM 61730, partial skull with 
II—PI alveoli and P2—M2, West Pojoaque; F: 
AM 61736, fragmentary skull with 11-12, 13 
alveolus, and Cl—Ml (PI alveolus), south¬ 
east of Pojoaque Bluffs; F:AM 107705, right 
partial ramus with cl—p4 and ml alveolus, 
head of the tributary of first large wash; F: 
AM 107706, left ramus with cl broken, pi 
alveolus, p2—m2 (p3 and ml broken), and 
m3 alveolus, south Pojoaque Bluffs; and F: 
AM 107707, crushed partial skull with Cl 
and P2—Ml, both partial rami with cl and 
p2—m2, partial humerus, incomplete right ra¬ 
dius and ulna, right calcaneum, metacarpals 
II, 111, and IV, and phalanges, middle of Ja- 
cona Grant, west of Jacona Fault. 

Rio del Oso—Abiquiu area, Chama el Rito 
Member of Tesuque Formation (late Barsto¬ 
vian), Rio Arriba County, New Mexico: F: 
AM 61719, crushed skull with I3-M2 and 
both rami with cl broken—m3 (pi alveolus), 
near the head of Three Sands Hills Wash; F: 
AM 61720, anterior part of skull with II al¬ 
veolus, 12—Cl all broken, PI alveolus—Ml, 
and M2 alveolus, south fork of Three Sands 
Hills Wash; F:AM 61731, right immature ra- 
mal fragment with cl and p2—p4 unerupted 
and ml broken. South Ojo Caliente; F:AM 
61732, right maxillary fragment with Ml 
broken, mandible with il— m3, both partial 


humeri, left radius, and right partial femur, 
Chama el Rito area; F:AM 61735, left ramal 
fragment with ml broken, middle Ojo Cal¬ 
iente; F:AM 61737, two left maxillary frag¬ 
ments with left P4 and M1-M2, Ojo Calien¬ 
te; F:AM 67362, left immature partial ramus 
with del broken, dp2-dp4 all broken, and 
p4—ml unerupted, Ojo Caliente; and F:AM 
107736, left partial ramus with ml broken 
and m2—m3, Chama el Rito area. 

Lower part of the Ojo Caliente Member, 
Tesuque Formation (late Barstovian), Rio Ar¬ 
riba County, New Mexico: Conical Hill 
Quarry: F:AM 67370, crushed partial skull 
with II alveolus, 12 broken—Cl, PI alveolus— 
P4, and M1-M2 both broken; F:AM 67371, 
right ramus with cl broken, pi alveolus, p2— 
p3 both broken, p4—m2, and m3 alveolus; 
and F:AM 67372, left ramus with i 1—i3 al¬ 
veoli, cl, pi alveolus—ml, m2 broken, and 
m3 alveolus. 

Jemez Creek area, undifferentiated beds in 
the Zia Formation (late Barstovian), Sandov¬ 
al County, New Mexico: Rincon Quarry: F: 
AM 61726, immature skull with Cl and P2- 
P3 all erupting, dP4, P4 unerupted, and Ml; 
F:AM 61727, right partial maxillary with P4 
alveolus and M1-M2; and F:AM 61728, 
right and left rami with cl—pi alveoli and 
p2—m3 (p3 broken). East fork of the Canyada 
de las Milpas: F:AM 107704, right ramal 
fragment with p2—m2 (p3 broken) and partial 
left ulna. 

Upper part of the Pojoaque Member of the 
Tesuque Formation and possibly Chamita 
Formation (Clarendonian), Rio Arriba and 
Santa Fe counties, New Mexico: F:AM 
27340, crushed skull with 12-13 alveoli and 
C1-M2 (PI and P3 alveoli), no locality data; 
F:AM 27344, right ramus with cl broken, 
pi—p2 alveoli, p3 broken—m2 (ml broken), 
and m3 alveolus, 1 mi upriver from San Juan 
Bridge; F:AM 27348, partial skull with II- 
M2 and mandible with il—m3, Chimayo; F: 
AM 2735 ID, left ramal fragment with ml- 
m2 both broken. Battleship Mountain; F:AM 
50159, right premaxillary fragment with II— 
12 alveoli and 13, and right maxillary frag¬ 
ment with P4— Ml both broken, Battleship 
Mountain District; F:AM 67057, left ramus 
with cl—m3 all broken or alveoli, red layer, 
north Santa Clara River; and F:AM 67059, 
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right and left partial maxillae with P2—M2, 
near springs, west of San Ildefonso. 

Distribution: Late Barstovian of Nebras¬ 
ka, South Dakota, Texas, and New Mexico; 
and Clarendonian of New Mexico. 

Emended Diagnosis: Aelurodon ferox 
shares with A. taxoides derived characters 
that distinguish it from other species of Ae¬ 
lurodon : larger size; broad contact of pre¬ 
maxillary and frontal; strong, laterally ex¬ 
panded postorbital process of frontal; ex¬ 
tremely high and thin-bladed sagittal crest 
and more posterodorsally produced nuchal 
crest; more broadened palate; incisive battery 
aligned in straight transverse line; 13 larger 
with three lateral accessory cusplets; and pre¬ 
molars larger and more massive. A. ferox 
lacks the following advanced features that 
are present in A. taxoides : a weak symphy- 
seal flange on the horizontal ramus, a more 
reduced P4 protocone, and an m2 metaconid 
extremely reduced or absent. 

Description and Comparison: Abundant 
materials from the Frick Collection, together 
with those in the UNSM and USNM collec¬ 
tions, constitute an adequate sample for eval¬ 
uation of the temporal and spatial variations 
of this species. Except for its smaller size, 
the proportional patterns of the cranium of A. 
ferox are almost identical to those of A. tax¬ 
oides (fig. 71). Particularly noteworthy in the 
ratio diagram are the high contrasts between 
a wide frontal shield and a narrow postorbital 
constriction and between a wide zygomatic 
arch and a narrow braincase. As in A. as- 
thenostylus, the skull takes a front-heavy ap¬ 
pearance with a very broad palate, robust 
rostrum, and wide open external and internal 
nares, in contrast to the relatively slender 
construction of its posterior half of the skull. 
The forehead in A. ferox is also broadened, 
partly due to the laterally expanded postor¬ 
bital process of frontal. Specimens with dis¬ 
sected frontals (F:AM 25230 and 61746) re¬ 
veal essentially the same degree of complex¬ 
ity in frontal sinus as those in Tomarctus bre- 
virostris. The multichambered sinus extends 
into the postorbital process but does not ex¬ 
pand much beyond the frontal-parietal suture 
posteriorly, in contrast to the more elaborate 
sinus in the Epicyon—Borophagus clade. This 
enlargement of the supraorbital area, coupled 
with a deep zygomatic arch, results in a rel¬ 


atively small orbit. Beginning in A. ferox, the 
sagittal crest is extremely high and forms a 
thin blade with a relatively straight dorsal 
edge. The posterior expansion of the nuchal 
crest overhangs the occipital condyle by 
more than 20 mm. Basicranially, A. ferox has 
an enlarged mastoid process and an elongat¬ 
ed paroccipital process with a long free tip, 
characteristic of the aelurodontine clade. 

Dentally, A. ferox continues the tendency 
toward a larger and more complex 13—three 
lateral accessory cusps are common in this 
species, in contrast to two or fewer in more 
primitive taxa. The premolars are strong rel¬ 
ative to the molars, a tendency that began in 
A. asthenostylus, and there is a slight tenden¬ 
cy for the anterior premolars to become dis¬ 
proportionately larger than in A. asthenosty- 
lus (fig. 72). These robust premolars also 
have more distinct accessory and cingular 
cusplets. More noticeable is the addition of 
a small anterior cingular cusp in all premo¬ 
lars, which is shared by the A. mcgrewi-stir- 
toni clade but is generally absent in A. as- 
thenostylus. As in the more primitive species 
of Aelurodon, the P4 protocone is rather re¬ 
duced. However, most individuals still retain 
a small cuspidate protocone rather than the 
almost complete absence of a protocone as 
in A. taxoides. The Ml continues the trend 
toward increased crown height of the para- 
cone relative to the talon, as well as a re¬ 
duced metaconule and internal cingulum. 
The M2 is small, as in A. asthenostylus, but 
not as strongly reduced as in A. stirtoni. 

Although still retaining the fundamentally 
bicuspid talonid, the lower carnassial is in¬ 
creasingly hypercarnivorous in its long tri- 
gonid blade vs. reduced metaconid, short and 
narrowed talonid, and lower, anteriorly re¬ 
stricted entoconid (as contrasted to a higher 
and larger hypoconid). All these features 
vary to a greater or lesser extent within the 
presently defined hypodigm, which encom¬ 
passes a span of approximately 3 m.y. in the 
late Barstovian. However, the apparent gen¬ 
eral tendency is that geologically younger in¬ 
dividuals have a greater degree of develop¬ 
ment of these features. The m2 still has a 
distinct metaconid, in contrast to its near loss 
in A. taxoides. 

Discussion: The single isolated P4 of 
USNM 523, the genoholotype of Aelurodon 
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ferox, has been the source of frustration for 
generations of paleontologists, with the ques¬ 
tion of the identity of Aelurodon being gen¬ 
erally at issue (see Baskin, 1980, for a recent 
review). Such uncertainty about the holotype 
may have been responsible for the general 
reluctance of most authors to refer additional 
materials to this species (except Evander, 
1986). On the other hand, the status of 
Cope’s (1877) Aelurodon wheelerianus is 
equally uncertain. The holotype from the 
“Santa Fe marls” is a partial ramus with all 
cheekteeth broken near the base and may 
properly belong to the category of nomen 
vanum (sensu Chorn and Whetstone, 1978; 
Mones, 1989). However, the subsequent ref¬ 
erence (Cope, 1883: 245, fig. 11a, b) to A. 
wheelerianus of a partial palate and nearly 
complete mandible (AMNH 8307, presently 
referred to A. mcgrewi ; see further discussion 
under this species) from Red Willow County, 
Nebraska, helped to perpetuate the applica¬ 
tion of this name for the small-size Aeluro¬ 
don in the Valentine Formation (e.g., Voor- 
hies, 1990a, 1990b). 

Despite the lack of a clear concept of the 
type species, the name Aelurodon has been 
in such wide usage that even authors who 
regarded the genoholotype as specifically in¬ 
determinate (VanderHoof and Gregory, 
1940; McGrew, 1944b) were unwilling to 
discard A. ferox , just to be able to continue 
the use of the generic name. Recently, Bas¬ 
kin (1980) demonstrated that even the mea¬ 
ger USNM 523 preserves the highly diag¬ 
nostic feature in which the P4 protocone 
lacks a connection to the parastyle, and is 
thus distinct from Epicyon (McGrew’s “A.” 
saevus species group), contrary to Richey’s 
(1979) interpretation of USNM 523. In light 
of our phylogenetic framework, Baskin’s di¬ 
agnosis remains a valid characterization of 
these large hyenalike borophagines. Thus, 
even though the lack of a protocone to par¬ 
astyle connection on P4 is a primitive con¬ 
dition in Aelurodon, this feature, coupled 
with its large size and the bulbous shape of 
the parastyle (in contrast to the often trian¬ 
gular parastyle in Epicyon), is sufficient to 
permit a reasonable conclusion that the ge¬ 
noholotype is very close to, if not synony¬ 
mous with, A. platyrhinus (Evander, 1986) or 
A. taxoides (Voorhies, 1990a). 


Questions still remain, however, with re¬ 
gard to its specific identity. Within the pre¬ 
sent hypodigm, based on large series of well- 
preserved materials, the size of USNM 523 
falls within the two most derived species of 
Aelurodon: “platyrhinus ” and taxoides. The 
size of P4 in both of these species overlap 
extensively, and USNM 523 falls in the mid¬ 
dle of the range of overlap (fig. 83). Our spe¬ 
cific assignments of individual specimens are 
largely based on stratigraphic relationships 
(see below). Therefore, our decision to retain 
A. ferox as distinct from A. taxoides contin¬ 
ues to be somewhat arbitrary, and is moti¬ 
vated by the desire to maintain generic sta¬ 
bility. In this, we are in partial agreement 
with VanderHoof and Gregory (1940), who 
voiced the suspicion that A. ferox, A. platy¬ 
rhinus, and A. taxoides are synonymous, but 
they nevertheless decided to retain A. ferox 
as a distinct species. 

As we cannot recognize any autapomorph- 
ic features for A. ferox, and we can observe 
that larger size and other derived features for 
A. taxoides are acquired through geologically 
successively younger individuals in the 
northern Great Plains, it seems possible that 
the latter gradually evolved from A. ferox an- 
agenetically. Such a succession can also be 
observed in parallel in other parts of North 
America. In fact, there seems to be no natural 
break in the morphology to mark the bound¬ 
ary of the ferox—taxoides species pair (fig. 
84), and fragmentary specimens were as¬ 
signed to one species or another based main¬ 
ly on the association of fauna (i.e.. Mammal 
Age) rather than morphology. As such, our 
presentation of the hypodigm assumes a 
sense of chronospecies for these two taxa. If 
this was indeed the case, our division of 
these two species, mostly along the Barsto- 
vian—Clarendonian boundary (sensu Tedford 
et al., 1987), would be somewhat arbitrary 
and affected by the controversy of the place¬ 
ment of the boundary in Nebraska (see Voor¬ 
hies, 1990a, 1990b). An exception to this 
theme involves a few specimens from Bat¬ 
tleship Mountain and San Ildefonso sites 
(Clarendonian) of New Mexico. These spec¬ 
imens come from high in the Pojoaque Mem¬ 
ber of the Tesuque Formation or possibly 
from the Chamita Formation. These localities 
and levels produce taxa of Clarendonian age. 
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Fig. 80. Aelurodon ferox. A, Lateral, B, ventral, and C, dorsal views of skull, UNSM 1093 (holotype 
of A. platyrhinus). Railway Quarry A, Crookston Bridge Member, Valentine Formation (late Barstovian). 
Cherry County, Nebraska. D, Lower teeth and E. ramus, F:AM 61742, Railway Quarry A. F, Lateral and 
G, enlarged occlusal views of P4 (reversed from right side), USNM 523, holotype, “valley of the Niobrara 
River,” Nebraska. The longer (upper) scale is for G, and the shorter (lower) scale is for the rest. 




1999 


WANG ET AL.: SYSTEMATICS OF BOROPHAGINAE 


191 



Fig. 81. Aelurodon ferox. A, Lateral, B, ventral, and C, dorsal views of skull, F:AM 61753, Burge 
Quarry, Burge Member, Valentine Formation (late late Barstovian), Cherry County, Nebraska. 


but lack of precise biostratigraphy lends markedly smaller than A. taxoides from other 
some uncertainty to the age of individual Clarendonian localities. 

specimens. Individuals from these localities The resulting division of the two mor- 

are comparable in size to A. ferox and are phospecies represents approximately the 



192 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


NO. 243 



Fig. 82. A. Ventral view of skull, Aelurodon taxoides, F:AM 67047, 1 mi west of Dixon, Dixon 
Member, Tesuque Formation (late Barstovian—Clarendonian). Rio Arriba County, New Mexico. B, Lower 
teeth and C, ramus, A. taxoides, YPM-PU 10635, holotype, “Loup Fork,” Ash Hollow Formation 
(Clarendonian), Sheridan County, Nebraska. D. Lower teeth and E, ramus, A.ferox, F:AM 61771, Burge 
Quarry. Burge Member. Valentine Formation (late late Barstovian), Cherry County, Nebraska. 
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Fig. 83. Scatter diagram of P4 length vs. P4 width for Aelurodon ferox and A. taxoides showing 
the position of the holotype of A. ferox (USNM 523). 



same amount of variation in size (e.g., co¬ 
efficient of variation for ml length is 5.5 in 
ferox and 6.9 in taxoides ; see other CVs in 
appendix 111) shown by most other boro- 
phagines in this study. In the present hypo- 
digm, there is a significant size difference 
from the oldest individuals in the Cornell 
Dam Member of the Valentine Formation to 
the youngest individuals in the Burge Mem¬ 
ber of the Valentine Formation. At the ex¬ 
treme ends, the size difference can be as 
large as 23% (in basal lengths of skull, see 
appendix II), an amount of variation we at¬ 
tribute to the approximately 3 m.y. span of 
steady evolution of this species in the late 
Barstovian (fig. 84). 

Similarly, at the lower end of the strati¬ 
graphic range of A. ferox , individuals from 
the Cornell Dam and Crookston Bridge 
members of the Valentine Formation are 
transitional between A. asthenostylus (espe¬ 
cially the Pawnee Creek sample in Colorado) 
and individuals from the upper part of the 
Valentine Formation. Besides a slightly larg¬ 
er size, the specimens from the lower mem¬ 
bers of the Valentine Formation are only 


slightly more advanced toward hypercarni- 
vory than is A. asthenostylus, and distinc¬ 
tions between A. asthenostylus and the more 
“typical” members of A. ferox in the upper 
Valentine Formation are blurred by these in¬ 
termediate forms. 

Aelurodon taxoides Hatcher, 1893 
Figures 82A—C, 85, 86 

Aelurodon taxoides Hatcher, 1893: 236. pi. 1, figs. 
2, 2a. Matthew and Gidley, 1904: 250. 
VanderHoof and Gregory, 1940: 149 (in part). 
Gregory, 1942: 345, figs. 8, 9. McGrew, 1944b: 
79. Macdonald, 1960: 967, fig. 4. Wilson. 1960: 
993, fig. 5c, d. Webb, 1969a: 41. Baskin, 1980: 
1349 (in part). Munthe, 1998: 136. 
ITephrocyon sp. Matthew and Cook, 1909: 376, 
fig- 5. 

ICuon sp. Matthew and Cook, 1909: 376. 
Aelurodon cf. A. aphobus (Merriam): Macdonald, 
1948: 57, figs. 3, 4. 

Tomarctus propter Cook and Macdonald, 1962: 

562, fig. 2. Skinner et al„ 1977: 356. 
Aelurodon cf. taxoides (Hatcher): Dalquest and 
Hughes, 1966: 80, fig. 2. Dalquest et al., 1996: 
131. 
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Fig. 84. Histograms of the length of ml in 
Aelurodon ferox and A. taxoides in different strati¬ 
graphic positions (members of the Valentine and 
Ash Hollow formations) in the late Barstovian 
through Clarendonian of Nebraska. Note the gen¬ 
eral increase in size through time except in the 
end member (Merritt Dam Member), where this 
tendency is reversed. 


Aelurodon cf. A. taxoides Hatcher, 1893: Skinner 

and Johnson, 1984: 299. 

Holotype: YPM-PU 10635 (AMNH cast 
97777), left ramus with i 1—i3 alveoli, cl, pi 
alveolus—m2, and m3 alveolus (fig. 82B, C), 
and atlas from the “Loup Fork” (Ash Hol¬ 
low Formation, Clarendonian), south side of 
the Niobrara River, midway between the 
mouths of Pine and Box Butte creeks, Sher¬ 
idan County, Nebraska. 

Referred Specimens: Undifferentiated 
beds of the Ogallala Group temporarily 
equivalent to the Ash Hollow Formation 
(early Clarendonian), Thomas Fox Ranch, 
Mission Local Fauna, Mellette County, 
South Dakota (list follows Macdonald, 
1960): SDSM 553, left ramus with il—i3 al¬ 
veoli, cl—m2, and m3 alveolus (Macdonald, 
1960: fig. 4); SDSM 572, left ramal fragment 
with m2-m3; SDSM 573, left ramal frag¬ 
ment with cl and p4; SDSM 5652, partial 
skull with P3-M2; SDSM 53277, right ra¬ 
mus with cl, roots of pi—p4, and ml; SDSM 
53278, right ramal fragment with pi alveolus 
and p2-p3; SDSM 53279, right ramal frag¬ 
ment with pi alveolus, p2, p3 alveolus, and 
p4; and SDSM 55185, isolated left P4. 
George Thin Elk Gravel Pits (same locality 
as above): F:AM 67328, crushed partial skull 
with II-P2 alveoli and P3-M2; and F:AM 
107715, right partial maxillary with P4-M2 
all broken. 

Undifferentiated beds of the Ogallala 
Group temporally equivalent to Ash Hollow 
Formation (early Clarendonian), South Da¬ 
kota: AMNH 10813, left maxillary fragment 
with PI and P2 broken. Canyon of the Little 
White River: AMNH 97737, left isolated P4. 
Spring Creek: F:AM 67029, skull fragments 
with II—PI alveoli, P2 broken, and P3 alve¬ 
olus, talus of slide on Little White River; F: 
AM 67439, left distal tibia; and F:AM 
67440, left metacarpal II. Rosebud Agency 
Quarry: F:AM 67483, right femur. 

Undifferentiated beds of the Ogallala 
Group temporally equivalent to Ash Hollow 
Formation (early Clarendonian), Big Springs 
Canyon, Bennett County, South Dakota: 
AMNH 10891 A, partial tibia; F:AM 67481, 
left humerus; F:AM 67482, right tibia; and 
UCMP 32588, complete mandible with left 
and right i 1—i3 alveoli, cl—m2, and m3 al- 
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veolus (referred to Aelurodon taxoides by 
Gregory, 1942: figs. 8, 9), UCMP loc. 
V3322. 

Undifferentiated beds (early Clarendonian) 
of the Ogallala Group, temporally equivalent 
to the Cap Rock Member of the Ash Hollow 
Formation, Hollow Horn Bear Quarry, Todd 
County, South Dakota: F:AM 67006, right 
and left maxillae with 11—13 alveoli and Cl— 
M2 (PI alveolus) (fig. 85A, B); F:AM 
67007, left maxillary fragment with P4; F: 
AM 67008, right and left rami with i2-m3 
(fig. 85C, D); F:AM 67009, left partial ramus 
with cl, pi alveolus, p2—p4, ml alveolus, 
m2, and m3 alveolus; F:AM 67010, right 
maxillary fragment with P3; F:AM 67010A- 
C, detached right PI, detached right P3, and 
detached left p4; F:AM 67427, left partial 
humerus; F:AM 67427A, left partial humer¬ 
us; F:AM 67428, left radius; F:AM 67429 
and 67429A, B, three partial ulnae; F:AM 
67430, right partial femur; F:AM 67484, 
right tibia; F:AM 67431, proximal part of 
metatarsal V; and 67431 A, left calcaneum. 

Undifferentiated beds (early Clarendonian) 
of the Ogallala Group, temporally equivalent 
to the Cap Rock Member of the Ash Hollow 
Formation, 0.25 mi west of Wounded Knee 
Creek, 0.5 mi south of South Dakota state 
line. Cherry County, Nebraska: UNSM 
50792, left maxillary with P4-M1 and man¬ 
dible with i3—m3 (pi alveolus). 

Cap Rock Member, Ash Hollow Forma¬ 
tion (early Clarendonian), Brown County, 
Nebraska: Clayton Quarry: F:AM 67012, 
right partial maxillary with P3—Ml; F:AM 
67019, right ramal fragment with m2 and m3 
alveolus; F:AM 67434, right radius; and F: 
AM 107714, left isolated p4. East Clayton 
Quarry: F:AM 67011, left partial maxillary 
with P3-P4 both broken and M1-M2; and F: 
AM 67018, right ramus with cl broken, pi 
alveolus—m2, and m3 alveolus. Fairfield 
Creek No. 3: F:AM 25100, left ramus with 
i2 and cl—m3, both radii, partial right ulna, 
partial metacarpals II and V, partial left tibia, 
partial pes with metatarsal II and incomplete 
III and IV, tarsals, and phalanges (referred to 
Aelurodon cf. A. taxoides by Skinner and 
Johnson, 1984: 299). 

Cap Rock Member, Ash Hollow Forma¬ 
tion (early Clarendonian), Cherry, Keyapaha, 
and Knox counties, Nebraska: West fork of 


Deep Creek: F:AM 67042, right partial ra¬ 
mus with il—pi alveoli, p2—p3, p4—ml both 
broken, and m2—m3 alveoli; and F:AM 
67455H, left calcaneum. Between Garner 
and Crane bridges: F:AM 67028, right partial 
ramus with p3—ml (p4 broken) and m2—m3 
alveoli. Spring Canyon: F:AM 67026, left 
partial ramus with p2-ml; and F:AM 67027, 
left ramal fragment with p3 broken—p4. Men- 
singer Quarry: F:AM 70615, left detached 
Ml; and F:AM 107713, left ramal fragment 
with ml broken—m2. Garner Quarry: F:AM 
67330, right partial ramus with cl, pi alve¬ 
olus, p2—ml (p3 alveolus), and m2—m3 al¬ 
veoli; and F:AM 107712, right isolated m2. 
Northeast of Springview: F:AM 67030, left 
partial maxillary with P4 broken—M2, and 
isolated left PI. West of Boiling Spring flat: 
F:AM 67345, right and left partial rami with 
i2, il and i3 alveoli, cl—m2 (pi—p2 alveoli), 
and m3 alveolus, canyon on south side of 
Niobrara River about due west of Boiling 
Spring flat. Jonas Wilson Ranch: F:AM 
107711, right partial ramus with ml broken— 
m2 and m3 alveolus, talus near June Quarry, 
base of Cap Rock. Above Bug Prospect 
(UNSM loc. Kx-119B): UNSM 2061-84, 
right ramus with il, cl broken, pi alveolus, 
and p2-m2. No locality data: F:AM 25101, 
left partial ramus with p4—ml; and F:AM 
25129, right partial ramus with p4— m2. 

Merritt Dam Member, Ash Hollow For¬ 
mation (late Clarendonian), Sheridan, 
Brown, Cherry, and Hitchcock counties, Ne¬ 
braska: Rhino Horizon No. 3 Quarry: F:AM 
25111, right ramus with i2—pi alveoli, p2— 
m2, and m3 alveolus (fig. 85E, F); F:AM 
67022, right partial ramus with i2—p2 alveoli, 
p3-ml, and m2 alveolus; F:AM 67023, right 
broken ml; F:AM 67522, left partial humer¬ 
us; and F:AM 67523, right partial ulna. Bear 
Creek Quarry: F:AM 67013, crushed skull 
with 11-M2; F:AM 67014, right and left par¬ 
tial maxillae with P3-M1; F:AM 67015, par¬ 
tial posterior skull; F:AM 67016, right ramus 
with il—i3 alveoli and cl—m2 (pi—p2 broken 
and m3 alveolus); F:AM 67017, right and 
left rami with cl—m2 (pi alveolus) and m3 
alveolus; F:AM 67020, left ramus with cl— 
m2 and m3 alveolus; F:AM 67021, right and 
left rami with cl—ml (pi alveolus) and m2— 
m3 alveoli; F:AM 67024, right isolated P3; 
F:AM 67432, left humerus; F:AM 67432A, 
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right partial humerus; F:AM 67432B, left 
partial humerus; F:AM 67433, right proximal 
part of radius; F:AM 67433A-C, three prox¬ 
imal parts of ulnae; F:AM 67435, left meta¬ 
carpal III; F:AM 67436, left metatarsal IV; 
and F:AM 67455C, left astragalus. Volcanic 
Ash Pit, north side of Bear Creek: F:AM 
67329, right premaxillary-maxillary with II 
root—M2 (P2 broken). Leptarctus Quarry: F: 
AM 67031, fragmentary skull with Il-Pl al¬ 
veoli, P2-M1, and M2 alveolus; F:AM 
67032, left partial maxillary with P2 broken— 
P4 (P3 alveolus) and M1-M2 both broken; 
F:AM 67033, partial skull with 11-M2 (pi 
alveolus); F:AM 67034, left P4; F:AM 
67036, crushed skull with I1-M2; F:AM 
67040, right ramus with i 1—i3 alveolus, cl— 
m2 (pi alveolus), and m3 alveolus; and F: 
AM 67446, left femur. Kat Quarry: F:AM 
25153, right partial ramus with cl—p2 alveoli 
and p3-m3; and F:AM 25203, right maxil¬ 
lary fragment with P3—M2 alveoli. Kat Quar¬ 
ry Channel: F:AM 67038, right ramus with 
i 1—i3 alveoli, cl—ml, and m2—m3 alveoli; 
and F:AM 67039, right ramus with il-pl al¬ 
veoli and p2—m3 (fig. 85G, H); F:AM 67443, 
right radius; F:AM 67444, left radius; F:AM 
67445D, right distal end of radius; F:AM 
67448A, right partial femur; F:AM 67449, 
right tibia; F:AM 67450A, left tibia; and F: 
AM 67452A, left metacarpal III. West line 
Kat Quarry: F:AM 67043, right ramal frag¬ 
ment with p4; F:AM 67445A, right radius 
with distal end missing; and F:AM 67455E, 
proximal phalanx. Quarter Kat Quarry Chan¬ 
nel: F:AM 67043A, right isolated p4; F:AM 
67447, left femur; and F:AM 67448, left fe¬ 
mur. Xmas Quarry: F:AM 25155, left im¬ 
mature ramus with dp2-dp4 and p4— m2 un¬ 
erupted; F:AM 67445, left radius; F:AM 
67445B, right proximal part of radius; F:AM 
67445E, right partial ulna; F:AM 67451, left 
metacarpal II; F:AM 67455A, left calcane- 
um; and F:AM 67455D, proximal phalanx. 
Hans Johnson Place: F:AM 67035, right par¬ 
tial maxillary with P3—M2 and skull frag¬ 
ments; F:AM 67450, right tibia; F:AM 
67452, left metacarpal IV; F:AM 67453, left 
metacarpal V; F:AM 67454, right metatarsal 
IV; F:AM 67455, right calcaneum; and F: 
AM 67455F, proximal phalanx. J. Wilson 
Ranch, 4 mi north of Johnstown: F:AM 
67037, posterior part of skull. Mcichairodus 


Quarry: F:AM 67041, left partial ramus with 
p2, ml, and all alveoli; and F:AM 67442, 
right humerus. Gallup Gulch Quarry: F:AM 
107710, left isolated Ml. Platybelodon 
Slide: F:AM 67445C, left proximal end of 
radius. West fork of Indian Creek: AMNH 
98216, left 13 and medial phalanx. Driftwood 
Creek: AMNH 96678, left ramal fragment 
with i 1—i3 alveoli, cl broken, and pi alveo¬ 
lus—p2. Snake River, 5 mi below mouth of 
Clifford Creek: F:AM 67455B, right calca¬ 
neum. Mastodon Prospect: F:AM 61780, 
right maxillary fragment with P3. 

Lower part of Ash Hollow Formation 
(Clarendonian), Banner County, Nebraska: 
Harrisburg Locality A1 (UNSM loc. Bn- 
104): UNSM 25933, complete skull with II- 
P2 alveoli, P3-M1, and M2 alveolus. Near 
Harrisburg (UNSM loc. Bn-103): UNSM 
25726, left ramal fragment with p2—p4. 

South side of Niobrara River, northeast of 
River View School, 1 mi east of Peters Farm, 
60 ft above ash bed. Ash Hollow Formation 
(Clarendonian), Sheridan County, Nebraska: 
UNSM 1486, nearly complete skull with 13- 
M2 (PI alveolus). 

Snake Creek area, Laucomer Member, 
Snake Creek Formation (late Clarendonian), 
Sioux County, Nebraska: Olcott Quarry: F: 
AM 61398, right isolated broken ml; and F: 
AM 67044, left ramus with il, cl-m2, and 
m3 alveolus. ?01cott Hill: AMNH 13857, 
right isolated ml (referred to ICuon sp. by 
Matthew and Cook, 1909: 376). Ashbrook 
Pasture: F:AM 67995, right femur, Hippa- 
rion Affine Channel. East fork of Phiohippus 
Draw: F:AM 107709, right ramal fragment 
with pi—p3 alveoli and p4, middle Hipparion 
Affine Channel. Quarry 7, Kilpatrick Pas¬ 
ture: AMNH 108532, isolated left Ml, and 
isolated right ml. No locality data: AMNH 
13843, left ramal fragment with p4—ml (re¬ 
ferred to ITephrocyon sp. by Matthew and 
Cook, 1909: 376, fig. 5; Merriam, 1913: 369, 
fig- 14). 

Dixon Member, Tesuque Formation (late 
Barstovian), Rio Arriba County, New Mexi¬ 
co: F:AM 67047, crushed skull with I1-M2 
(fig. 82A), 1 mi west of Dixon, 200 ft below 
Ojo Caliente Sandstone. 

Round Mountain Quarry, Chamita For¬ 
mation (early Clarendonian), Rio Arriba 
County, New Mexico: F:AM 67048, left ra- 
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mus with il—m3 (i2 alveolus, cl, p3, and ml 
all broken); F:AM 67049, right and left rami 
with cl, p3—ml, and m2 alveolus; F:AM 
67052, left partial ramus with cl— p2 alveoli, 
p3, p4—m2 all broken, and m3 alveolus; F: 
AM 107703, right maxillary fragment with 
P4 alveolus. Ml root, and M2, 50 ft below 
Round Mountain Quarry. 

MacAdams Quarry (Location 17, Quarry 
1), 10 mi north of Clarendon, Clarendon 
beds (early Clarendonian), Donley County, 
Texas: F:AM 61781, skull with 11 —12 alveoli 
and I3-M2 (Cl root and PI alveolus) and 
mandible with i 1 —i3 alveoli, cl, pi alveolus— 
m2, and m3 alveolus (fig. 86A-E); F:AM 
61782, skull with 11-12 alveoli, I3-C1, PI 
alveolus—P4, and Ml broken—M2 alveolus; 
F:AM 61783, right partial maxillary with 
P2-M2; F:AM 61784, right partial maxillary 
with P1-P2 alveoli and P3-P4 and right par¬ 
tial ramus with cl—ml (pi alveolus); F:AM 
61785, left partial maxillary with P2-M2; F: 
AM 61786, left partial maxillary with Cl, 
P3-M2, detached 13, and skull fragments; F: 
AM 61787, right partial maxillary with P2, 
P3 alveolus, and P4-M1; F:AM 61788, left 
partial maxillary with P4-M2; F:AM 61790, 
left partial maxillary with P2-P3 and P4-M1 
both broken; F:AM 61791, left partial max¬ 
illary with C1-P2 (PI alveolus); F:AM 
61793, left ramus with i 1—i3 alveoli and cl— 
m3 (pi alveolus); F:AM 61794, right ramus 
with i 1—i3 alveoli, cl, pi alveolus, p2—ml, 
and m2-m3 alveoli; F:AM 61795, left partial 
ramus with il—ml (pi alveolus); F:AM 
61796, right ramus with cl, pi alveolus—ml, 
and m2-m3 alveoli, and atlas; F:AM 61797, 
right partial ramus with il—pi alveoli and 
p2-ml (p3-ml all broken); F:AM 61798, 
left partial ramus with p4-ml; F:AM 61799, 
left partial ramus with cl—ml (p2—ml all 
broken); F:AM 67001, left partial ramus with 
p2-m2 all broken; F:AM 67001A, left partial 
ramus with cl—p4 (pi alveolus); F:AM 
67001B, right partial ramus with cl—p3 roots 
and p4-ml both broken; F:AM 67001C, left 
partial ramus with i2—pi roots, p2—ml bro¬ 
ken, and m2-m3 roots; F:AM 67395, ante¬ 
rior part of skull with FI alveolus—M2 (fig. 
86F, G); F:AM 67943, right ulna; F:AM 
67943A, left partial ulna; F:AM 67943B, 
right metacarpal 111; F:AM 67943C, right 
metacarpal IV; F:AM 67943D, left calcane- 


um; F:AM 67943E, right astragalus; and F: 
AM 70775, partial skull with 11 alveolus- 
M2. 

White Fish Creek, Clarendon beds (early 
Clarendonian), Donley County, Texas: Quar¬ 
ry 7: F:AM 70755, skull with 11-M2 (Cl 
broken and PI alveolus); F:AM 70756, right 
ramus with i 1—i3 alveoli, cl—ml (pi alveo¬ 
lus), m2 broken, and m3 alveolus; F:AM 
70757, left ramus with il alveolus—m3 (cl 
broken); F:AM 70776, right ramus with il- 
i3 alveoli, cl, pi alveolus—ml, and m2—m3 
alveoli; F:AM 107702, left ramus with i 1—i3 
alveoli, and cl—m2 (p4— m2 all broken). 
Quarry 4: F:AM 61792, right isolated Ml. 
Hill top west of California Quarry: F:AM 
61792A, left isolated 13. 

Mill Iron Ranch, Turkey Creek (early 
Clarendonian), Hall County, Texas: F:AM 
70754, left partial ramus with pi alveolus— 
ml and m2—m3 alveoli. 

Amarillo area, Ogallala Group (early Clar¬ 
endonian), Texas: Bivins Ranch: F:AM 
67045, left ramus with cl broken, pi alveo¬ 
lus—m2 (ml broken), and m3 alveolus, north 
end about 100 ft below the Cap; and F:AM 
67948, postcranial elements including in¬ 
complete vertebral column, pelvis, incom¬ 
plete femur, right tibia and left partial tibia, 
calcaneum, astragalus, both crushed pes in¬ 
cluding metatarsals 11—V, and one proximal, 
middle, and distal phalanges. No locality 
data (private donation by Floyd V. Studer): 
F:AM 67046, isolated left ml and m2. 

Channing area, Ogallala Group (Claren¬ 
donian), Texas: F:AM 67324, left ramus with 
cl root—m3, approximately 6 mi southeast of 
Four Way locality. 

Goliad Formation, near Normanna, Lapara 
Creek Fauna (early Clarendonian), Bee 
County, Texas: TMM-BEG 31132-458, left 
ramus with i 1—i3 alveoli, cl, pi alveolus, 
p2—m2, and m3 alveolus (Wilson, 1960: 993, 
fig. 5c, d). 

Sanford Pit (Clarendonian), 12 mi south¬ 
west of Borger, Carson County, Texas: F:AM 
107701, left maxillary fragment with Cl-Pl 
alveoli and P2, and isolated left Cl. 

Exell Local Fauna, Ogallala Group (Clar¬ 
endonian), 30 mi north of Amarillo, north of 
Canadian River, Moore County, Texas: 
PPHM P174-18 (Dalquest and Hughes, 
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1966: fig. 2), right ramus with cl, pi alve¬ 
olus, and p2—m2. 

Noble Ranch, UCMP loc. V69145, Ogal- 
lala Group (Clarendonian), Moore County, 
Texas: WTSU 1099 (UCMP cast 85341), left 
maxillary with Cl, PI alveolus, and P2—Ml. 

Beaver Local Fauna (early Clarendonian), 
Whisenhunt Quarry, Laverne Formation, 
Beaver County, Oklahoma (list following 
Dalquest et al„ 1996): WTSU-V-7036, 2 
right premolars. 

Republican River beds, Ogallala Group 
(Clarendonian), Bow Creek, 12.5 mi south¬ 
east of Logan, Rooks County, Kansas: F:AM 
30902, skull with I1-M2 and mandible with 
il— m3, partial skeleton with axis, atlas, 4 
cervicals, 10 thoracics, 5 lumbars, right hu¬ 
merus (Munthe, 1989: figs. 6B, 7B), partial 
pelvis, left calcaneum, and right metacarpals 
III—V (skull and mandible in permanent ex¬ 
hibition). 

Agricola Road Locality, Agricola Fauna 
(early Clarendonian), Bone Valley Forma¬ 
tion, Polk County, Florida: UF 98354, left 
ramal fragment with p3-ml; UF 98355, left 
ramal fragment with m2—m3; UF 98356, par¬ 
tial right ml; UF 98357, right maxillary frag¬ 
ment with M1-M2; and UF 102644, left ml 
talonid. 

Johnson Member, Snake Creek Formation 
(late Clarendonian? Aelurodon specimens 
from these localities have the appearance of 
reworked materials—they are more likely to 
be originally from the underlying Laucomer 
Member), Sioux County, Nebraska: Pliohip- 
pus Draw, Snake Creek Quarry: AMNH 
20487, left partial ramus with cl— p3 broken. 
lAphelops Quarry 1: AMNH 20061, right 
isolated p4 and right ramal fragment with 
p2—p3. “Western fossiliferous exposures, 17 
mi south and 1.5 mi east of Agate “: AMNH 
81007 (HC 658), right isolated ml (holotype 
of Tomarctus propter Cook and Macdonald, 
1962: 562, fig. 2). 

Snowball Valley North, UCMP loc. 
V6019, Cedar Mountain, Esmeralda Forma¬ 
tion (early Clarendonian), Mineral County, 
Nevada: UCMP 59272, complete skull with 
II—M2, left and right partial rami with p2— 
m3, partial vertebral column, partial right 
forelimb, and partial left and right hindlimbs 
(referred to Aelurodon taxoides by Mawby, 
1965). 


South side of Mount Diablo, Green Valley 
Formation (late Clarendonian), Contra Costa 
County, California: Black Hawk Ranch 
Quarry (UCMP loc. V3310): UCMP 33475, 
left ramus with cl and pi alveolus—m2 (Mac¬ 
donald, 1948: fig. 3); UCMP 33478, left ra¬ 
mus with p3 broken—m2 (Macdonald, 1948: 
fig. 4); UCMP 34689a, isolated right Ml; 
UCMP 34689b, left maxillary fragment with 
Ml; UCMP 34693, isolated Ml; UCMP 
34694, right maxillary with P4-M1; UCMP 
39498, broken left ml; UCMP 44963, bro¬ 
ken left ml; UCMP 47256, left ramus with 
p4-m2; and UCMP 58678, left ramal frag¬ 
ments with p3—m2. Kendall-Mallory Local¬ 
ity (UCMP loc. V6107): UCMP 58222, right 
ramus with p4— m2. 

Distribution: Late Barstovian of New 
Mexico; early Clarendonian of South Dako¬ 
ta, Nebraska, New Mexico, Oklahoma, Tex¬ 
as, Florida, and Nevada; late Clarendonian of 
Nebraska, New Mexico, and California; and 
Clarendonian of Kansas. 

Emended Diagnosis: A. taxoides is de¬ 
rived with respect to its ancestral species A. 
ferox in its larger size, mandible with a weak 
anteroventral flange at the symphysis, P4 
protocone reduced to a mere basal swelling, 
and m2 metaconid small to near absent and 
talonid short. 

Description and Comparison: Besides a 
few maxillary fragments previously de¬ 
scribed (e.g., Macdonald, 1960), much of the 
cranial morphology of A. taxoides has not 
been described. We are now in possession of 
several partial skulls to fill this void. 

As the most derived species in the aelu- 
rodontine clade, A. taxoides is the largest in 
the lineage, reaching the size of a tiger, al¬ 
though later individuals in Nebraska may 
show a size reduction (fig. 84). The overall 
cranial proportions are similar to those of A. 
ferox (fig. 71), most noticeably with a broad 
rostrum and forehead, resulting in a front- 
heavy skull construction relative to the pos¬ 
terior half. Such broadening of the rostrum 
also results in widened external and internal 
nares. The frontal is not prominently domed 
as is in the Epicyon—Borophagus clade. The 
postorbital process of the frontal is strong 
and laterally expanded such that the orbit be¬ 
comes relatively small. Both the external ap¬ 
pearance of the forehead and a dissected 




Fig. 85. Aelurodon taxoides. A, Lateral view of partial skull and B, upper teeth, F:AM 67006, Flollow Florn Bear Quarry, Ogallala Group 
(early Clarendonian), Todd County, South Dakota. C, Lower teeth and D, ramus, F:AM 67008, Hollow Horn Bear Quarry. E, Lower teeth and 

F, ramus, F:AM 25111, Rhino Horizon no. 3 Quarry, Merritt Dam Member, Ash Hollow Formation (late Clarendonian), Brown County, Nebraska. 

G, Lower teeth and H, ramus, F:AM 67039, Kat Quarry Channel, Merritt Dam Member, Ash Hollow Formation (late Clarendonian), Brown 
County, Nebraska. 
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specimen (F:AM 67015) indicate a frontal si¬ 
nus no more elaborate than that in A. ferox 
(i.e., multichambered sinus that expands 
slightly beyond the frontal-parietal suture). 
Mandibles of A. taxoides differ from those of 
A. ferox in the development of a weak boss 
on the anteroventral border at the symphysis. 
Predictably, such a growth is more prominent 
in older individuals. 

As the result of the trend toward enlarge¬ 
ment of the pre-carnassial premolars and re¬ 
duction of the post-carnassial molars, A. tax¬ 
oides is characterized by massive premolars 
and relatively small molars (except ml). 
Thus, A. taxoides has the largest PI—P3 and 
pi—p4 in the aelurodontine clade, both rela¬ 
tive to the length of carnassials and in ab¬ 
solute terms (fig. 72). These massive pre¬ 
molars have distinct accessory and cingular 
cusplets both anterior and posterior to the 
principal cusp. On the whole, the P4 proto¬ 
cone is extremely reduced, often to no more 
than a mere protuberance at the anterolingual 
base of the tooth. The parastyle is prominent, 
as in most other species of the Aelurodon 
clade. The Ml has a similarly high-crowned 
paracone and reduced internal cingulum as 
in A. ferox. Its metaconule is also very weak, 
mostly reduced to no more than a narrow 
postprotocrista without a distinct cusp. Indi¬ 
viduals from the Clarendon beds of Texas 
have the most reduced mis, possibly as a 
reflection of a geographic variation. In most 
specimens, the mis still have a small meta- 
conid and entoconid, a status not much dif¬ 
ferent from A. ferox. The talonid, however, 
is noticeably reduced, especially in the lin¬ 
gual side where the entoconid is often re¬ 
stricted to an anterior location in contrast to 
the unshortened hypoconid, i.e., the poster- 
olingual corner of the talonid is reduced (fig. 
85). Nearly ah m2s in A. taxoides have ex¬ 
tremely reduced metaconids or have lost 
them altogether, in contrast to their more dis¬ 
tinct presence in A. ferox. The talonid of m2 
is also conspicuously reduced, being both 
shortened and narrowed. 

Fragmentary materials from early Claren- 
donian of Florida (Agricola Fauna) have a 
dental morphology of advanced Aelurodon, 
but lie in the lower end of the size spectrum 
of A. taxoides. Although it is tempting to re¬ 
gard these as a population of small individ¬ 


uals in the south, lack of sufficient specimens 
(only three specimens are measurable) pre¬ 
vents a statistical evaluation. 

Individuals from the Green Valley For¬ 
mation of California exhibit, for the most 
part, the typical morphology of this species 
from the Great Plains. There are, however, 
tendencies for the California individuals to 
have a higher crowned and more posteriorly 
sloped p4 principal cusp with less distinct an¬ 
terior cingular cusplet and occasionally a 
long m2 (e.g., UCMP 33478 and 58222), 
features more often encountered in Epicyon 
and Borophagus. The late Clarendonian Cal¬ 
ifornia sample is still limited to mostly frag¬ 
mentary jaws and teeth, and these distinct 
morphologies are here treated as regional 
variations of Aelurodon taxoides until dem¬ 
onstrated otherwise by more complete ma¬ 
terials. 

Discussion: As the end member of a long 
line toward hyenalike dental adaptations, A. 
taxoides has highly distinct cranial and den¬ 
tal morphologies. Its giant size and massive 
premolars permit easy recognition of this 
species. Thus, except for occasional junior 
synonyms proposed earlier in the century, 
more recent authors generally have no diffi¬ 
culty in recognizing this species (e.g., Mac¬ 
donald, 1960; Wilson, 1960; WebbM969a). 
The relatively well-preserved holotype of A. 
taxoides avoids taxonomic controversies ex¬ 
perienced with other species of Aelurodon. 

The distinct morphology of A. taxoides 
(together with A. ferox) helped to polarize 
the divergent morphologies between the so- 
called A. taxoides species group and the 
“ A .” saevus species group, an idea initially 
outlined by McGrew (1944b) and more firm¬ 
ly established by Baskin (1980). As its front- 
heavy cranial proportions, the teeth of A. tax¬ 
oides are also front-heavy with massive pre¬ 
molars at the expense of reduced molars (ex¬ 
cept ml trigonid). The opposite is generally 
true for the Epicyon—Borophagus clade, 
whose anterior premolars are greatly reduced 
but whose molars remain unreduced until 
very late in the phylogeny. 

Cook and Macdonald (1962: 562, fig. 2) 
described a single ml (AMNH 81007 = HC 
658) from the Upper Snake Creek beds and 
named it Tomarctus propter. Skinner et al. 
(1977: 356) listed it as from the Johnson 
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Member of the Snake Creek Formation. 
Largely indeterminable based on the holo- 
type alone, it nonetheless has the hypercar- 
nivorous morphology of an Aelurodon. Pres¬ 
ence of an A. taxoides-Xtke. form in the John¬ 
son Member is further indicated by two more 
specimens (AMNH 20061 and 20487), both 
of which are represented by lower premolars 
and a canine only. Of the three specimens, 
however, two (AMNH 20061 and 81007) 
have the clear indications of water-worn pol¬ 
ish, common in the Upper Snake Creek ma¬ 
terials, and are likely to be reworked from 
the underlying Laucomer Member (late Clar- 
endonian). Such an interpretation and the 
lack of Hemphillian occurrence of Aelurodon 
elsewhere in North America led us to con¬ 
clude that Aelurodon was extinct at the end 
of Clarendonian. 

Borophagina, new subtribe 

Type Genus: Borophagus Cope, 1892. 

Included Genera: Paratomarctus, new 
genus; Carpocyon Webb, 1969b; Protepi- 
cyon, new genus; Epicyon Leidy, 1858; and 
Borophagus Cope, 1892. 

Distribution: Late Hemingfordian 

through late Blancan of North America. 

Diagnosis: Derived characters uniting the 
Borophagina as a monophyletic group in¬ 
clude dorsally enlarged frontal sinus produc¬ 
ing a domed forehead, premolar cingular 
cusplets reduced or absent, and P4 protocone 
reduced or absent. Advanced Borophagina 
are further derived in such morphological 
trends as reduction of 13 lateral cusplets, P4 
parastyle connected to protocone by a ridge, 
and progressively lower crowned P2—P3 and 
p2—p3 relative to higher crowned and larger 
p4. Borophagina generally lack the derived 
characters of the Aelurodontina in its high 
sagittal crest, posteriorly extended and lat¬ 
erally narrowed nuchal crest, elaborate lateral 
cusplets on 13, uniformly enlarged premolars, 
reduced ml entoconid and m2 metaconid, 
and reduced M2 and m2. 

Paratomarctus , new genus 

Type Species: Cynodesmus euthos Mc- 
Grew, 1935. 

Etymology: Greek: para, near, plus to- 
marctus. 


Included Species: Paratomarctus temer- 
arius (Leidy, 1858) and Paratomarctus eu¬ 
thos (McGrew, 1935). 

Distribution: Late Hemingfordian of Ne¬ 
braska; early Barstovian of California, Ne¬ 
vada, Oregon, and Montana; late Barstovian 
of Nebraska, Wyoming, Nevada, California, 
and New Mexico; early Clarendonian of Ne¬ 
braska, South Dakota, and Texas; and late 
Clarendonian of Nebraska. 

Diagnosis: As the stem taxon of the Bor¬ 
ophagina, Paratomarctus differs from the 
Aelurodontina in the following derived char¬ 
acters: dorsally enlarged frontal sinus pro¬ 
ducing a domed forehead, premolar cingular 
cusplets reduced or absent, and P4 protocone 
reduced or absent. It can be distinguished 
from the Carpocyon—Borophagus clade in 
the following primitive features: bulla not 
greatly enlarged, external auditory meatus 
lacking a short tube, 13 lateral cusplets un¬ 
reduced, and P4 parastyle not enlarged. Par¬ 
atomarctus is further distinguished from 
Carpocyon in its lack of autapomorphies of 
the latter clade: enlarged upper molars rela¬ 
tive to P4, anteriorly extended Ml lingual 
cingulum, and enlarged m2. Paratomarctus 
has one autapomorphy: premolars uniformly 
reduced. 

Paratomarctus temerarius (Leidy, 1858) 
Figures 87, 88C-J 

Canis temerarius Leidy, 1858: 21; 1869: 29, pi. 
1, fig. 12; 1871: 341. Hayden, 1858: 158. Cope, 
1883: 242. 

ICanis anceps Scott, 1893: 660; 1895: 75. Mat¬ 
thew, 1899: 67. Hay, 1902: 775. 
tCanis temerarius (Leidy): Matthew, 1899: 67. 
“Canis” aticeps (Scott): Matthew, 1901: 374. 
“Canis” temerarius (Leidy): Matthew, 1909: 115. 
ITephrocyon cf. temerarius (Leidy): Matthew and 
Cook, 1909: 376. 

Tephrocyon temerarius (Leidy): Merriam, 1913: 
365, figs. 7, 8a, b. Matthew, 1918: 188; 1924: 
98. 

Tephrocyon near kelloggi (Merriam, 1911): Mer¬ 
riam. 1913: 368, fig. 10; 1916: 173, fig. 2a, b. 
Tomarctus cf. T. brevirostris (Cope, 1873): Gazin, 
1932: 48, fig. 2 (LACM-CIT 379). 

Cynodesmus cf. C. kelloggi (Merriam): Stilton, 
1939a: 632. 

Tomarctus cf. T. rurestris (Condon, 1896): 
Downs. 1956: 235 (LACM-CIT 379). 
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Tomarctus temerarius (Leidy): Downs, 1956: 236. 

Voorhies, 1990a: A128. Munthe, 1998: 135. 
Tomarctus canavus (Simpson. 1932): Wilson, 
1960: 986, fig. 2a-c (TMM 31190-67). 
Tomarctus rurestris (Condon, 1896): Voorhies, 
1965: 21, pis. 1, 2 (in part). Forsten, 1970: 42 
(in part). 

Tomarctus near T. euthos (McGrew, 1935): Evan- 
der, 1986: 26. fig. 2. 

Lectotype: USNM 768, right ramal frag¬ 
ment with ml (fig. 87A, C) from the “sands 
of the Niobrara River, Loup Fork” (?late 
Barstovian), Nebraska. 

Referred Specimens: Cornell Dam Mem¬ 
ber, Valentine Formation (early late Barsto¬ 
vian), Brown County, Nebraska: Norden 
Bridge Quarry (UNSM loc. Bw-106; list of 
USNM specimens follows Voorhies, 1990a: 
A128): UNSM 83931, right ramus with cl, 
pi alveolus, p2, p3 broken, and p4—m3; 
UNSM 83932, right ramus with p2-p4, ml 
broken-m2, and m3 alveolus; UNSM 83933, 
left immature ramus with unerupted ml—m2; 
UNSM 83934, left immature ramus with un¬ 
erupted cl, p2, and ml-m2; UNSM 83936, 
right broken ml; UNSM 83937, left 13; 
UNSM 83945, left ramal fragment with bro¬ 
ken m2; UNSM 83946, left p4; UNSM 
83951, left Ml; USNM 352353, left ml; 
USNM 352390, skull with 11-M2; USNM 
352394, right ramus with p4-m2; USNM 
352395, left ramus with cl and p2—p4; and 
USNM 352397, left ramus with cl, p2—p3, 
and p4 broken. 

Crookston Bridge Member, Valentine For¬ 
mation (late Barstovian), Cherry and Brown 
counties, Nebraska: Mouth of Snake River: 
F:AM 61070, skull with 11-M2 (fig. 87D-G) 
(in permanent exhibition). Crookston Bridge 
Quarry (UNSM loc. Cr-15): UNSM 25720 
(AMNH cast 97142), right partial ramus with 
cl, pi—p4 alveoli, ml—m2, and m3 unerupt¬ 
ed; and UNSM 25880 (AMNH cast 97249), 
left partial maxillary with P3 alveolus and P4 
broken—Ml. Dutch Creek, 8 mi north of 
Long Pine: F:AM 25123, left partial maxil¬ 
lary with P3 alveolus-M2 (P4 and Ml bro¬ 
ken) and right partial ramus with i3—pi al¬ 
veoli and p2-m3; F:AM 25124, left partial 
ramus with cl broken—m2 (pi and p3 alve¬ 
oli); F:AM 61064, posterior part of skull, 
right premaxillary-maxillary and left partial 
maxillary with 11 alveolus—M2 (Ml miss¬ 


ing), skull fragment, and right partial ramus 
with cl—pi alveoli and p2 broken—m3 (p4 
broken); F:AM 67351, left partial maxillary 
with P4-M2, detached Cl, P2, and P3, par¬ 
tial radius and ulna, both partial tibia, and 
foot bone fragments; and UNSM 25887 
(AMNH cast 97144), left partial ramus with 
ml broken—m2 (p4 and m3 alveoli). Miesner 
Slide: F:AM 61071, crushed skull with II- 
M2, mandible with il alveolus—m3, atlas, 
axis, one cervical and one dorsal vertebrae, 
right ulna, and right femur. Railway Quarry 
A (UNSM loc. Cr-12; list following Evander, 
1986: 26): F:AM 61066, right ramus with 
cl—m2 (pi and p3 alveoli) (in permanent ex¬ 
hibition); USNM 25881 (AMNH cast 
97250), right partial maxillary with P4-M1; 
UNSM 25882 (AMNH cast 97251), right 
partial maxillary with P3—M2 (referred to 
Tomarctus near T. euthos by Evander, 1986: 
fig. 8B); UNSM 25884 (AMNH cast 97143), 
right partial ramus with pi—p3 alveoli, p4— 
m2, and m3 alveolus (referred to Tomarctus 
near T. euthos by Evander, 1986: figs. 2, 7B); 
UNSM 25885, left ramus with p2 broken- 
m2; UNSM 25886, left ramus with p3-p4 
and ml—m3 alveoli; UNSM 76615, posterior 
part of skull; and UNSM 76616, left humer¬ 
us. Railway Quarry B (UNSM loc. Cr-13): 
UCMP 124377 (UCMP 29926 in Evander, 
1986), left ramal fragment with ml and m2— 
m3 alveoli; and UNSM 76614, left partial 
maxillary with P4 broken—M2. Garner 
Bridge, Niobrara River: F:AM 70616, left 
partial ramus with ml—m3; and F:AM 
70617, right isolated ml. Nenzel Quarry: F: 
AM 61067, right partial ramus with ml—m2 
and m3 alveolus. West Valentine Quarry 
(UNSM loc. Cr-114): UNSM 2383-87, right 
ramus with p4 broken—ml and m2—m3 al¬ 
veoli; UNSM 2611-87, left ramus with pl- 
p3 alveoli, p4—ml, and m2—m3 alveoli; 
UNSM 3502-86, right ramus with cl-ml (pi 
alveolus and ml broken); and UNSM 3840- 
86, left maxillary with P4-M2. 

Devil’s Gulch Member, Valentine Forma¬ 
tion (late Barstovian), Brown and Cherry 
counties, Nebraska: Fairfield Falls Quarry: F: 
AM 61065, left partial ramus with i3—pi al¬ 
veoli, p2—ml, and m2—m3 alveolus; F:AM 
61068, left ramus with cl broken, pi alveo¬ 
lus, p2—m2, and m3 alveolus; and F:AM 
61069, partial skull with I1-M2. Devil’s 
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Gulch Horse Quarry: F:AM 25221, right ra¬ 
mus with cl—m2 (pi, p3, and m3 alveoli). 
Devil’s Gulch: F:AM 25132, left partial ra¬ 
mus with cl—p3 alveoli, p4 broken—ml, and 
m2—m3 alveoli. 

Valentine Formation (late Barstovian), 
Brown County, Nebraska: Elliot Place, 4 mi 
north of Long Pine: F:AM 25222, left ramus 
with cl—m2 (pi and m3 alveoli). 

Valentine Formation (late Barstovian), 
Webster County, Nebraska: Myers Farm 
(UNSM loc. Wt-15A) (referred to Tomarctus 
cf. T. optatus by Corner, 1976): UNSM 
20844, right ramus with pi alveolus—m2 and 
m3 alveolus; UNSM 20845, right ramal frag¬ 
ment with pi—p2 alveoli and p3—ml; UNSM 
20846, right maxillary with P3 alveolus-M2; 
UNSM 20983, left ramus with pi alveolus- 
m2; UNSM 21664, left ramus with cl-m2 
(pi alveolus); UNSM 21665, right ramal 
fragment with pi—p2 alveoli and p3—p4; 
UNSM 21666, right ramal fragment with m2 
and m3 alveolus; and UNSM 45158, right 
ramal fragment with p4— ml. 

Trail Creek Fauna, Ogallala Group (late 
Barstovian), Laramie County, Wyoming: 
UW 834, left ramus with cl broken, p4-m2, 
and alveoli of pi—p3 and m3 (referred to To- 
marctus rurestris by Voorhies, 1965: pi. 2); 
and UW 849, left ramus with cl broken, p2— 
m2, and alveoli of pi and m3 (referred to 
Tomarctus rurestris by Voorhies, 1965: pi. 
1). 

Smith River Valley, “Upper beds” or 
“Cyclopidius beds,” in Deep River beds 
(?early Barstovian), Meagher County, Mon¬ 
tana: YPM-PU 10453 (AMNH cast 97241) 
(holotype of Canis anceps Scott, 1893), left 
partial ramus with p4 broken—m2 and m3 al¬ 
veolus (fig. 881, J). 

East of New Chicago, in north draw, Llint 
Creek Launa (early Barstovian), Granite 
County, Montana: L:AM 67359, right ramal 
fragment with p3-ml; and L:AM 67359a, 
left ramal fragment with ml broken—m2 and 
m3 alveolus. 

Barstow area, Barstow Lormation (early 
late Barstovian), San Bernardino County, 
California: Skyline Quarry: LAM 67121, 
crushed skull with II—M2 and mandible with 
i3—m3 (fig. 87H-K); LAM 67122, crushed 
partial skull with P2-M1 all broken and M2; 
LAM 67125, posterior part of skull and right 


partial maxillary with P4-M2; L:AM 67140, 
right partial ramus with cl—pi alveoli, and 
p2 broken—m2 (p3, p4, and m2 all broken); 
and L:AM 67141, right partial ramus with 
cl—p2 alveoli and p4 broken—m2. North End: 
F:AM 27289, partial skull with P1-P2 alve¬ 
oli and P3 broken-M2; F:AM 27290, partial 
skull with P2 alveolus-M2; F:AM 27292, 
right partial ramus with cl and p3—ml; and 
F:AM 27295, right partial maxillary with 
P4-M2. New Hope Quarry: F:AM 67120, 
skull with II-PI alveoli and P2-M2; F:AM 
67126, right partial maxillary with Cl—PI al¬ 
veoli and P2 broken-M2 (P3 alveolus and P4 
broken); and F:AM 67127, both partial max¬ 
illae with PI alveolus, P2—P3 both broken, 
P4—M2, and both rami with cl broken—m2 
(pi alveolus). Hidden Hollow Quarry: F:AM 
61012, both premaxillae-maxillae with II— 
M2; F:AM 61013, left partial maxillary with 
P2 broken-M2; F:AM 61014, right partial 
maxillary with P4-M1; F:AM 67124, both 
partial maxillae with P4—M2, both partial 
rami with p3—m2, and associated detached 
canines, incisors, and premolars; F:AM 
67128, left partial ramus with cl—pi alveoli 
and p2-ml; F:AM 67132, both rami with 
cl-m2 (pl-p2 and m3 alveoli); F:AM 
67133, left partial ramus with p4—ml and 
m2-m3 alveoli; F:AM 67136, right partial 
ramus with cl—pi alveoli and p2—m3; F:AM 
67137, left partial ramus with cl—pi alveoli 
and p2-m2 (p3 and m3 alveoli); F:AM 
67138, left partial ramus with p2-p3 both 
broken, p4, and ml broken; F:AM 67139, 
left partial ramus with cl—ml (pi—p2 alveoli 
and m2 broken); and F:AM 67149, right par¬ 
tial ramus with p3—ml. Leader Quarry: F: 
AM 67123, anterior part of skull with II—PI 
alveoli and P2-M2; F:AM 67134, left partial 
ramus with il—cl, pi alveolus—ml (p3 al¬ 
veolus), and m2 broken; F:AM 67143, right 
partial maxillary with P4-M2; F:AM 67144, 
left partial ramus with ml—m2 both broken; 
F:AM 67145, right partial ramus with p4— 
m2 (ml broken) and m3 alveolus; F:AM 
67147, partial left ramus with cl—m3 all bro¬ 
ken or alveoli; F:AM 67150, right partial ra¬ 
mus with cl, pi—p4 alveoli or broken, and 
ml—m2; F:AM 67151, left ramus with cl 
broken-m3; and F:AM 67152, left and right 
rami with p2—ml. Sunny side Quarry: F:AM 
67142, skull with 11-M2 (fig. 87L-N) and 



1999 


WANG ET AL.: SYSTEMATICS OF BOROPHAGINAE 


205 


cervical vertebrae; and F:AM 67368, imma¬ 
ture left and right ramal fragments with p3— 
p4 unerupted and ml. Mayday Quarry: F: 
AM 67148, right and left partial rami with 
cl broken—m2 (pi alveolus). First Division, 
localities unspecified: F:AM 27226, anterior 
part of skull with 13-M2 (P3-P4 broken); F: 
AM 27228, right ramus with i 1—i3 roots, cl- 
m2, and m3 alveolus; F:AM 27229, left par¬ 
tial ramus with cl broken—m2 (pi—p2 alve¬ 
oli); F:AM 27233A, right ramus fragment 
with ml-m2; F:AM 27235, right partial ra¬ 
mus with cl broken—m2 (pi alveolus); F:AM 
27237, skull with C1-M2; F:AM 27238, 
crushed skull with I2-M2; F:AM 27239, 
crushed partial skull with 13—P3 all broken, 
P4-M1, and M2 broken; F:AM 27240, 
crushed partial skull with 11—P3 alveoli and 
P4 broken-M2; F:AM 27241, posterior part 
of skull with P3-M2 (P4 broken) and both 
partial rami with cl broken—ml (pi—p2 al¬ 
veoli) and m2—m3 both broken; F:AM 
27242, partial cranium and associated teeth 
including M1-M2; F:AM 27245, partial 
skull with 11-12 alveoli, I3-M2 (pi alveolus 
and both Cl and M2 broken); F:AM 27246, 
left partial maxillary with P3-M2; F:AM 
27247, left partial maxillary with P3-M2; F: 
AM 27248, anterior part of skull with Cl- 
P1 alveoli and P2-M2; F:AM 27248A, left 
partial maxillary with P3-M2; F:AM 27250, 
left partial maxillary with P3 broken and P4 
alveolus-M2; F:AM 27254, right partial ra¬ 
mus with cl—m3 (pi alveolus and p3 bro¬ 
ken); and F:AM 27269, left partial ramus 
with p4 broken—m2 and m3 root. Hemicyon 
Quarry and Hemicyon Stratum: F:AM 
27233, left partial ramus with ml broken— 
m2; F:AM 27234, left ramal fragment with 
ml unerupted; F:AM 27244, skull with 11 
alveolus—M2 (13 broken and Cl alveolus); F: 
AM 27249, partial skull with Cl broken, and 
P3 alveolus—M2 (Ml broken); F:AM 27251, 
left ramus with cl broken—m2 (pi alveolus); 
F:AM 27251A, right partial ramus with cl— 
p3 alveoli, p4—m2, and m3 alveolus; F:AM 
27252, right partial ramus with cl—pi alve¬ 
oli, p2—m2, and m3 alveolus; F:AM 27253, 
left partial ramus with cl, pi—p2 alveoli, p3— 
m2, and m3 alveolus; F:AM 27255, skull 
with II broken—M2 (PI alveolus) and man¬ 
dible with il—m3 (fig. 88C-H); F:AM 27293, 
left partial ramus with cl, pi alveolus—p4. 


ml broken, and m2 detached; F:AM 27501, 
skull with Cl-M2 (PI alveolus); F:AM 
27506, right partial ramus with cl, p3, ml, 
and alveoli for pl-p2 and p4; F:AM 27508, 
left ramus with cl broken—m2; and F:AM 
27523, partial palate with P2-M2. Starlight 
Quarry: F:AM 67366, left partial ramus with 
p2—p3 alveoli and p4— m2. No locality data: 
F:AM 27227, left ramus with p2-m2 (p4 
broken); F:AM 27230, right ramus with pl- 
ml and m2 broken; F:AM 27231, right par¬ 
tial ramus with p3-m2; F:AM 27236, left 
partial ramus with p4-m3; F:AM 27243, an¬ 
terior part of skull with P4—M2 ah broken; 
F:AM 27246A, right maxillary with P4-M2; 
F:AM 27253B, right partial ramus with p2- 
p3 alveoli, p4— ml, and m2 alveolus; F:AM 
27256, left and right ramal fragments with 
ml-m3; F:AM 27256A, four ramal frag¬ 
ments with ml; F:AM 27259, right partial 
ramus with p4—ml and m2—m3 alveoli; and 
F:AM 67135, left partial premaxillary-max- 
illary with II broken-Cl and P4-M2. 
UCMP loc. 1307 (Barstow area): UCMP 
19402, right ramus with p3—m2 (Merriam, 
1913: fig. 8a, b). UCMP loc. 2301 (Barstow 
area): UCMP 32824, partial left and right 
rami with cl—pi alveoli, p2—m2, and m3 al¬ 
veolus. Hell Gate Basin No. 4 (UCMP loc. 
V66160): UCMP 79198, left and right max¬ 
illary fragments with P4—M2, left and right 
rami with il—pi alveoli, p2—m3, atlas, axis, 
and one cervical. 

Pojoaque Member of the Tesuque Forma¬ 
tion (late Barstovian), Santa Fe or Rio Arriba 
counties. New Mexico: Santa Cruz, First 
Wash: F:AM 27386, right partial ramus with 
ml and m2 alveolus; and F:AM 50150, an¬ 
terior part of skull with 11—12 alveoli and 13— 
M2. Santa Cruz: F:AM 27390, partial palate 
with Cl broken and PI alveolus-M2 (P2-P3 
broken). Red layer, Santa Cruz, Second 
Wash: F:AM 27472, left ramus with cl bro¬ 
ken—m2 (pi alveolus and p3 broken). Half 
mi west of Santa Cruz Dam, red layer: F:AM 
50151, left partial ramus with ml—m2. Po¬ 
joaque Bluffs: F:AM 27389, right partial ra¬ 
mus with il—pi alveoli, p2—m2 ah broken, 
and m3 alveolus; F:AM 50149, left partial 
ramus with p2—p4, ml broken, and m2—m3 
alveoli; F:AM 50155, left partial ramus with 
cl alveolus, pi—ml ah broken, m2, and m3 
alveolus; F:AM 27480, both partial pes in- 



206 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


NO. 243 


eluding calcaneum, metatarsal I, incomplete 
metatarsals II and III, metatarsals IV and V, 
and two first phalanges; F:AM 67895, cal¬ 
caneum; F:AM 67901 and 67901A, two cal¬ 
canea. North Pojoaque Bluffs: F:AM 50147, 
left partial ramus with cl—p2 broken, p3, p4— 
ml both broken, and m2; and F:AM 50158, 
right partial maxillary with P4 broken and 
M1-M2 alveoli. South Pojoaque Bluffs: F: 
AM 50148, left ramus with il—cl broken and 
pl-m3. West Pojoaque Bluffs: F:AM 67894, 
left partial manus including metacarpals I, 
III, and V, incomplete metacarpals II and IV, 
three first phalanges, and one second pha¬ 
lanx. San Ildefonso: F:AM 27471, anterior 
part of skull with II—M2. Santa Fe area: F: 
AM 27380, right immature partial ramus 
with cl and p3—p4 all erupted, dp4, and ml— 
m2; F:AM 27387, left ramal fragment with 
p4 root-ml; and F:AM 50152, left ramal 
fragment with ml unerupted. 

Chama El Rito Member, Tesuque Forma¬ 
tion (late Barstovian), Rio Arriba County, 
New Mexico: Aelurodon Wash, Rio del Oso— 
Abiquiu: F:AM 67374, right and left partial 
maxillae with PI alveolus-M2; F:AM 67375, 
isolated 13 right and left partial maxillae with 
P2-M2; F:AM 67376, left partial maxillary 
with Cl broken-P3 and P4 broken; F:AM 
67377, right partial maxillary with P4 bro- 
ken-M2; F:AM 67378, right isolated upper 
P4 and right maxillary fragment with Ml— 
M2 alveolus; F:AM 67379, left isolated Ml; 
F:AM 67380, right ramus with cl broken, 
pi—p4 alveoli, ml—m2, and m3 alveolus; F: 
AM 67381, left partial ramus with cl-m2 
(pi alveolus); F:AM 67382, right ramus with 
cl-m2 and m3 alveolus; F:AM 67383, left 
partial ramus with p2—m2 and m3 alveolus; 
F:AM 67384, right ramal fragment with ml 
and associated detached m2; and F:AM 
70500, premaxillary with II broken—13, max¬ 
illary fragment, and detached teeth including 
Cl—Ml and M2 broken and left partial ramus 
with p2 broken—p4 and ml broken. Three- 
Sand Hills Wash, Rio del Oso locality. Green 
Sand Stratum: F:AM 50153, left ramus with 
il—m2 (pi broken and m3 alveolus). 

Ojo Caliente Member, Tesuque Formation 
(late Barstovian), Rio Arriba County, New 
Mexico: Conical Hill Quarry, 15 mi north¬ 
west of Espanola: F:AM 67369, left partial 
ramus with cl—ml all broken and m2. Mid¬ 


dle of Ojo Caliente locality: F:AM 104813, 
right isolated ml. 

Jemez Creek area, unnamed member of 
Zia Formation (late Barstovian), Sandoval 
County, New Mexico: Rincon Quarry: F:AM 
50195, right and left partial maxillae with P2 
and P4 both broken. Ml, and M2 alveolus; 
F:AM 50196, right partial maxillary with Ml 
broken-M2; F:AM 50197, right partial ra¬ 
mus with p2 alveolus, p3 broken—m2, and 
m3 alveolus; F:AM 104812, left isolated bro¬ 
ken Ml; and F:AM 67897, left incomplete 
humerus. West tributary of Canyada de Zia: 
F:AM 50192, right and left partial rami with 
pi—p3 all broken, p4, and ml—m3 all broken; 
and F:AM 50194, partial skull with Cl—Ml 
all broken and M2. Red Cliff Prospect in 
main fork, Canyada Piedra Parada: F:AM 
50146, right and left partial rami with cl—m2 
(pi and m3 alveoli). 

Cedar Mountain, UCMP loc. 2027, Stew¬ 
art Spring Fauna (late Barstovian), Esmeral¬ 
da Formation, Mineral County, Nevada: 
UCMP 19767, partial left ml (referred to Te- 
phrocyon near kelloggi by Merriam, 1913: 
fig. 10; 1916: fig. 2a, b). 

Fleming Formation (early Barstovian), 
Trinity River Local Fauna, San Jacinto Coun¬ 
ty, Texas: Kelly Farm: F:AM 63291, left 
maxillary fragment with P4—M2. Trinity 
River Pit 1, upper part of the Fleming For¬ 
mation: F:AM 67392, right partial ramus 
with p2 alveolus—ml and m2 root; F:AM 
67393, right isolated broken Ml; F:AM 
67394, partial skull with C1-P3 alveoli and 
P4-M2 (Ml broken); F:AM 70700, right 
partial ramus with p2—p4 alveoli and ml—m2 
both broken; F:AM 70705, left partial ramus 
with cl, pi alveolus—ml, and m2—m3 alve¬ 
oli; F:AM 104809, left partial ramus with il- 
i3 alveoli, cl, pi alveolus, p2, p3 alveolus, 
p4—ml both broken, and m2 root; F:AM 
104810, right partial ramus with i 1—p3 al¬ 
veoli, p4-m2, and m3 root; F:AM 104811, 
left ramal fragment with m2 broken; F:AM 
104819, right partial ramus with cl, and pi 
alveolus—ml (p4 broken and m2—m3 alveo¬ 
li); and F:AM 105358, posterior part of skull 
fragment. Near Pointblank, Pointblank Local 
Fauna: TMM-BEG 31190-67 (AMNH cast 
89629), right partial ramus with pi alveolus, 
p2, and p3 alveolus—ml (referred to Tomarc- 
tus canavus by Wilson, 1960: fig. 2a—c). 



1999 


WANG ET AL.: SYSTEMATICS OF BOROPHAGINAE 


207 


Skull Spring Local Fauna (LACM-CIT 
loc. 57), Butte Creek Formation (early Bar- 
stovian), Malheur County, Oregon: LACM- 
CIT 379, right maxillary fragment with Ml— 
M2 (referred to Tomarctus brevirostris by 
Gazin, 1932: fig. 2). 

Distribution: Early Barstovian of Califor¬ 
nia, Oregon, Nevada, Texas, and Montana; 
and late Barstovian of Nebraska, Wyoming, 
New Mexico, Nevada, and California. 

Emended Diagnosis: Besides its smaller 
size, Paratomarctus temerarius is primitive 
with respect to P. euthos in its less enlarged 
postorbital process of frontal, narrow frontal 
shield, narrower palate, short tubular audi¬ 
tory meatus, and lack of a symphyseal boss 
on the inferior ramus. 

Description and Comparison: Parato¬ 
marctus temerarius is now a much better 
known species, with the present reference of 
nearly complete cranial materials from a 
large series of specimens from Nebraska, 
New Mexico, and the Barstow Formation of 
California. These more complete materials 
demonstrate that this species shows the initial 
development of the dorsal inflation of the 
frontal sinus characteristic of the prominently 
domed forehead of the Borophagina clade. 
Besides their similar size, the cranial propor¬ 
tions of P. temerarius are also close to those 
of Protomarctus optatus (fig. 89). Noticeable 
differences in cranial measurements include 
a slightly narrower zygomatic arch and nar¬ 
rower palate at the PI in the former. Dental¬ 
ly, P. temerarius has the distinctly reduced 
premolars characteristic of the genus. The 
pre-carnassial premolars are uniformly small 
with a backward hook of their main cusp, 
instead of the much larger p4 vs. p2—p3 in 
Epicyon and derived species of Carpocyon, 
and have reduced (or absent) anterior and 
posterior stylar cusplets on p2—p3. Other than 
the domed forehead and reduced premolars, 
P. temerarius is quite similar to P. optatus. 

Individuals from the Barstow Formation 
tend to have a less inflated frontal sinus, but 
have a well-developed P4 parastyle with dis¬ 
tinct lateral ridges converging toward the 
apex. The parastyle appears to be an inde¬ 
pendent development from that in Carpo¬ 
cyon and more derived taxa, because individ¬ 
uals in the lower stratigraphic level (Second 
Division Fauna) have both distinct and in¬ 


distinct parastyles, whereas individuals from 
higher levels (e.g., Hemicyon Stratum) tend 
to have a uniformly distinct parastyle. On the 
other hand, parastyles from individuals in the 
Valentine Formation, including those from 
the Devil’s Gulch Member, are indistinct. We 
thus interpret a distinct parastyle on P4 of 
Paratomarctus temerarius as an aspect of in¬ 
traspecific variation. 

In the F:AM collection, there is a modest 
sample of cranial and postcranial materials 
referable to Paratomarctus temerarius from 
the early Barstovian Fleming Formation, 
Texas. A well-preserved skull (F:AM 67394) 
clearly indicates the presence of a promi¬ 
nently domed forehead typical of the species, 
although this doming is slightly exaggerated 
by the lateral crushing suffered by this spec¬ 
imen. The sagittal crest is slightly concave in 
lateral profile, reminiscent of the condition in 
Epicyon. The bulla is greatly inflated with a 
modest development of a tubular external au¬ 
ditory meatus. The teeth of the Texas speci¬ 
mens, however, are generally more primitive 
with unreduced premolars, in contrast to 
those from the Valentine Formation of Ne¬ 
braska, and are more comparable to those of 
Protomarctus optatus. One individual, F:AM 
67392, has a larger p4 and smaller p3, a char¬ 
acter for Carpocyon and more derived taxa, 
but most other individuals (F:AM 70705, 
104810, 104819) do not have much size dif¬ 
ferentiation among the premolars. Similarly, 
the P4 (in F:AM 63291, 67394) still shows 
the primitively small parastyle as in Proto¬ 
marctus optatus. Overall, the Texas individ¬ 
uals seem to have the cranial morphology of 
Paratomarctus temerarius but with a denti¬ 
tion more like Protomarctus optatus. If our 
present systematic assignment is correct, the 
Texas materials reveal the primitive mor¬ 
phology of this species and represent the ear¬ 
liest record of this lineage in the early Bar¬ 
stovian. 

Discussion: Leidy’s (1858) type series of 
Canis temerarius consisted of two poorly 
preserved specimens (both cataloged as 
USNM 768). One is a ramal fragment with 
an ml (fig. 87A, C) and the other a maxillary 
fragment with broken P4 and Ml (fig. 87B). 
The lower jaw was subsequently figured by 
Leidy (1869: pi. 1, fig. 12) but the maxillary 
was described first by Leidy (1858) and thus 
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Tephrocyon optatus 
Carpocyon compressus 


Paratomarctus temerarius o Paratomarctus euthos 
Carpocyon webbi Carpocyon robustus 


Fig. 89. Log-ratio diagram for cranial measurements of Paratomarctus and Carpocyon using Pro- 
tomarctus optatus as a standard for comparison (straight line at zero). See text for explanations and 
appendix II for measurements and their definitions. 


has “page priority.” Matthew (1924: 98) at¬ 
tempted to clarify this ambiguity, stating that 
“many authors would consider that the fig¬ 
uring of the lower jaw fragment by Leidy 
[1869] and its implicit selection as type by 
Matthew, Peterson and Merriam constitute a 
selection of type which must stand, in ac¬ 
cordance with the rules.” However, Voorhies 
(1990a: A130) most recently still considered 
the maxillary as the holotype, citing the same 
Matthew (1924) paper but arguing for page 
priority. The International Code of Zoologi¬ 
cal Nomenclature (International Commission 
on Zoological Nomenclature, 1985: art. 24) 
does not recognize page priority, and Mat¬ 
thew (1924) is here regarded as the first re¬ 
viser, that is, the lower jaw was explicitly 
selected as the lectotype. 

Fixing the lower jaw as the lectotype still 
leaves the question of its identity unanswered 
(the upper teeth that share the same number 


as the lectotype have a more hypocarnivo- 
rous appearance, with a short and wide P4 
and a distinct hypocone on Ml, and may not 
belong to the same species; see fig. 87B). 
Assuming that the lectotype was from the 
Valentine Formation of Nebraska, its lower 
carnassial is difficult to distinguish from the 
contemporaneous and morphologically simi¬ 
lar Carpocyon compressus. Size is the only 
criterion that helps to place USNM 768 in 
our hypodigm of Paratomarctus temerarius. 
Although there is a significant overlap of the 
ranges of these two species (ml length is 
15.5—21 mm for P. temerarius and 19.5—22.5 
mm for C. compressus), USNM 768 (ml 
length of 16.0 mm) happens to be close to 
the lower limit of P. temerarius and falls out¬ 
side the overlapping part of the ranges of 
these two species. 

Peterson (1910: fig. 63) was the first to 
refer a partial ramus (CMNH 2404) from 
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- Protomarctus optatus ■ Paratomarctus temerarius —h— Paratomarctus euthos ' Carpocyon compressus 

* Carpocyon webbi Carpocyon robustus ■ Carpoyon limosus 


Fig. 90. Log-ratio diagram for dental measurements of Paratomarctus and Carpocyon using Pro¬ 
tomarctus optatus as a standard for comparison (straight line at zero). See text for explanations and 
appendix III for summary statistics of measurements and their definitions. 


Whistle Creek, Sioux County, Nebraska, to 
Paratomarctus temerarius. Judging from his 
published figure, however, CMNH 2404 has 
an unreduced p4 and probably belongs to 
Protomarctus optatus. Shortly afterward, 
Merriam (1913: fig. 8) referred a second ra¬ 
mus (UCMP 19402) with shortened premo¬ 
lars from the “Mohave Beds” (now Barstow 
Formation) of California to “ Tephrocyon 
temerarius .” Voorhies (1965; and also For- 
sten, 1970) referred two rami from the Trail 
Creek Quarry, Wyoming, to Tomarctus ru- 
restris. The Wyoming specimens appear to 
compare well, both in size and shape, with 
Paratomarctus temerarius. Additional mate¬ 
rials (upper and lower jaws) from the Rail¬ 
way Quarries near Valentine, Nebraska, were 
recently described by Evander (1986: figs. 
7B, 8B), who assigned them to Tomarctus 
near T. euthos. We now consider these lower 
Valentine materials to belong to P. temerar¬ 
ius. Most recently, Voorhies (1990a: A128) 


referred a large sample of specimens from 
the Norden Bridge Quarry, extending the 
known range of this species in the Great 
Plains to the base of the Valentine Formation. 

Scott (1893) described ICanis anceps 
from the “ Cyclopidius beds” (?early Barsto- 
vian) of Montana as a new form. The holo- 
type, YPM-PU 10453, is still the only spec¬ 
imen known from this locality, and its poor 
preservation permits no knowledge beyond 
the three lower teeth (fig. 881, J). The main 
distinction of C. anceps is its peculiar m2, 
which features a small trigonid due to the 
very anteriorly located protoconid and meta- 
conid, as well as a widened talonid with a 
large basin surrounded by a distinct entoco- 
nid on the lingual border. Other than these 
peculiarities, its dental proportions match 
well with those of Paratomarctus temerar¬ 
ius. 

In the late Hemingfordian Sheep Creek 
Formation of Nebraska, a partial ramus 
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(AMNH 18915, presently referred to Proto- 
marctus optatus) shows the distinctly re¬ 
duced premolars with a backward hook of 
their main cusps in Paratomarctus temerar¬ 
ius. In fact, this individual, in which the en¬ 
tire lower cheekteeth series is preserved, is 
so similar to the topotype series of P. tem- 
erarius, both in size and shape, that were it 
found in the Valentine Formation there 
would be no doubt about its taxonomic as¬ 
signment to P. temerarius. We chose to view 
AMNH 18915 as an individual variation of 
Protomarctus from an otherwise uniform 
sample from the Sheep Creek, rather than 
treating it as an early occurrence of P. tem- 
erarius. Such an occurrence of a temerarius- 
like individual within the population of Pro¬ 
tomarctus in the Sheep Creek Formation is 
not surprising given our postulated phylog- 
eny, which shows that Protomarctus may 
have given rise to P. temerarius. 

Paratomarctus euthos (McGrew, 1935) 
Figures 88A, B, 91-93 

Cynodesmus euthos McGrew, 1935: 305, figs. 1— 
3; 1938b: 311. 

Tomarctus euthos (McGrew): VanderHoof and 
Gregory, 1940: 159, figs. 7d, 8d. White, 1941b: 
95. Downs, 1956: 235. Macdonald, 1960: 965, 
fig. 3. Webb, 1969a: 37. fig. 6. Munthe, 1998: 
135. 

Tomarctus sp.: Munthe, 1989: 42, figs. 11A, 17A 
(F:AM 61088). 

Holotype: UCMP 29282, skull with 11-12 
alveoli and 13—M2 (fig. 91) from Gordon 
Creek Quarry, UCMP loc. V3313, Burge 
Member of the Valentine Formation (late 
Barstovian), Cherry County, Nebraska. 

Referred Specimens: Burge Member of 
the Valentine Formation (late Barstovian), 
Cherry and Brown counties, Nebraska: 
Burge Quarry: F:AM 61072, left ramus with 
cl—p2 alveoli, p3—m2, and m3 alveolus; F: 
AM 61074, right partial ramus with ml—m2 
and m3 alveolus; F:AM 61078, left ramus 
with i2-m3; F:AM 61079, right ramus with 
cl broken—ml and m2—m3 alveoli; F:AM 
61080, right partial ramus with pi—p2 alve¬ 
oli, p3—ml, and m2—m3 alveoli; F:AM 
61082, right partial ramus with p2—p3 alve¬ 
oli, p4 broken—ml, and m2 broken; F:AM 
61084, right partial ramus with p2—p3 roots 
and p4—ml; F:AM 61086, immature skull 


with 13, Cl erupting, and P4-M2; F:AM 
67340, left isolated ml; F:AM 67350, partial 
skull with I3-P2 alveoli, P3-P4, and Ml al¬ 
veolus; F:AM 67352, posterior part of skull; 
and UCMP 32242, right ramus with cl, pi 
alveolus, p2—ml, and m2—m3 alveoli 
(VanderHoof and Gregory, 1940: figs. 7d, 
8d; Webb, 1969a: fig. 6). Gordon^Creek 
Quarry: F:AM 67353, right immature partial 
ramus with dp4 broken and ml—m2 unerupt¬ 
ed. South side of Niobrara River: F:AM 
61087, left partial maxillary with P3-P4. 
June Quarry: F:AM 61073, right partial ra¬ 
mus with p3—m2 and m3 alveolus; F:AM 
61075, right ramus with cl, pi—p2 alveoli, 
p3-m2, and m3 alveolus (fig. 88A, B); F:AM 
61076, right ramus with cl erupting, pi-p2 
alveoli, p3—m2, and m3 alveolus; F:AM 
61077, right partial ramus with cl—m2 (pi, 
p3, and m3 alveoli); F:AM 61081, left ramus 
with cl—pi alveoli and p2—m2 (ml broken 
and m3 alveolus); F:AM 61083, left partial 
ramus with cl—p3 alveoli, p4— m2, and m3 
alveolus; F:AM 61085, posterior part of skull 
with P4-M2; and F:AM 70618, right partial 
ramus with p3—ml. Lucht Quarry: F:AM 
70602, right partial ramus with pi— p3 alveoli 
and p4-ml; F:AM 70603, left partial ramus 
with p4— m2 and m3 unerupted; F:AM 
70605, posterior part of skull; and F:AM 
105308, right ramus with i 1—i3 alveoli, cl 
broken, pi—p3 alveoli, p4— m2, and m3 al¬ 
veolus. Talus on south side of the Niobrara 
River above Garner Bridge: F:AM 61352, 
right partial maxillary with P4—Ml both bro¬ 
ken. 

Equivalent to the Burge Member of the 
Valentine Formation (late Barstovian), Sher¬ 
idan County, Nebraska: Extension Quarry: F: 
AM 67355, posterior part of skull and frag¬ 
ments including left partial maxillary with 
P4-M1 both broken and M2. Paleo Channel 
Quarry: F:AM 67357, right immature ramus 
with cl erupting, pi alveolus, p2 erupting, 
dp3—dp4, ml—m2 alveoli, and m3 unerupted. 

Clayton or East Clayton quarries. Cap 
Rock Member, Ash Hollow Formation (early 
Clarendonian), Brown County, Nebraska: F: 
AM 61095, anterior part of skull with Il-Pl 
alveoli and P2-M2; F:AM 61096, left ramus 
with cl broken, pi alveolus—ml, and m2—m3 
alveoli; F:AM 61097, left partial ramus with 
cl—pi alveoli and p2 broken—ml (p4 bro- 
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ken); F:AM 61098, left isolated ml; F:AM 
61099, left partial ramus with p4—m2 (ml 
broken and m3 alveolus); F:AM 61099A, 
right partial ramus with pi-p2 alveoli, p3 
broken—p4, and ml broken; and F:AM 
61099B, right partial maxillary with P4-M1. 

Undifferentiated beds of Ogallala Group, 
equivalent to the Cap Rock Member (early 
Clarendonian) of Ash Hollow Formation, 
Todd County, South Dakota: Hollow Horn 
Bear Quarry: F:AM 61089, partial skull with 
PI alveolus—M2 and mandible with il alve¬ 
olus—m2 (pi and m3 alveoli) (fig. 92); F:AM 
61092, right partial ramus with cl—p2 alve¬ 
oli, p3—ml, and m2—m3 alveoli; F:AM 
61093, left partial ramus with i 1—i3 alveoli 
and cl-ml (pi and p3 alveoli); F:AM 61094, 
right partial ramus with cl broken—pi, p2 al¬ 
veolus—p4, ml broken, and m2—m3 alveoli; 
F:AM 61100, right partial maxillary with 
P4-M1; F:AM 67536, right humerus; F:AM 
67536A, left distal part of humerus; F:AM 
67536B, partial right humerus; F:AM 67537, 
partial radius; F:AM 67538, left proximal 
part of femur; F:AM 67539, left tibia; F:AM 
67539A, left distal part of tibia; F:AM 
67539B, distal end of fibula; F:AM 67540, 
right metacarpal II; F:AM 67540A, left prox¬ 
imal part metacarpal IV; F:AM 67540B, left 
broken metacarpal V; F:AM 67540C, left 
metacarpal II; F:AM 67541, right metatarsal 
I; F:AM 67542, right metatarsal II; F:AM 
67542A, left proximal part of metatarsal II; 
F:AM 67543, right metatarsal V; F:AM 
67543A, right broken metatarsal V; F:AM 
67544, 67544A, and 67544B, three calcanea; 
F:AM 67544C, D, two astragali; and F:AM 
67544E—G, three first phalanges. Canyon of 
Little White River: AMNH 10808, right par¬ 
tial ramus with p4—m2 (all broken) and m3 
alveolus; and AMNH 10809, left partial ra¬ 
mus with p4—m2 (all broken) and m3 alve¬ 
olus. 

Driftwood Creek, 16 mi southeast of Tren¬ 
ton, south side of Republic River, temporally 
equivalent to the Cap Rock Member, Ash 
Hollow Formation (early Clarendonian), 
Hitchcock County, Nebraska: F:AM 30905, 
left ramal fragment with pi alveolus—p4 and 
ml broken. 

Thomas Fox Ranch, Mission Fauna, Ogal¬ 
lala Group undivided (early Clarendonian), 
Mellette County, South Dakota: SDSM 


53250 (referred to Tomarctus euthos by 
Macdonald, 1960: fig. 3), left ramus with pi 
alveolus, p2—m2, and m3 alveolus. 

Clarendon Beds (early Clarendonian), 
Donley County, Texas: White Fish Creek, 
Quarry 6: F:AM 70750, articulated skull and 
mandible with II—M2 and il—m3, and artic¬ 
ulated partial skeleton including partial ver¬ 
tebrae, ribs, broken scapula through nearly 
complete manus, and partial pelvis through 
pes; F:AM 70751, immature articulated skull 
and mandible with broken deciduous Cl and 
premolars, and P4—M2 unerupted, and bro¬ 
ken deciduous cl—premolar and p4— m3 un¬ 
erupted, and articulated partial skeleton with 
crushed front and hindlimbs; F:AM 70752, 
crushed articulated skull and partial mandible 
with 11—M2 and il—m3 (some teeth broken); 
and F:AM 70753, articulated skull and man¬ 
dible with II—M2 and il—m3, and nearly 
complete articulated skeleton. Quarry 7, Ro 
Ranch: F:AM 61090, right partial ramus with 
ml-m3. Location 5, Quarry 3: F:AM 61108, 
left partial ramus with i2 broken, cl, pi al¬ 
veolus—ml, and m2—m3 alveoli. Quarry 1: F: 
AM 61107, left ramus (with healed wound) 
with il—cl, pi—p3 alveoli, ml—m2, and m3 
alveolus. MacAdams Quarry (Location 17, 
Quarry 1), 10 mi north of Clarendon: F:AM 
61109, left partial ramus with p2—p4, ml—m2 
both broken, and m3 alveolus; and F:AM 
61110, right immature partial maxillary with 
dP4 broken. 

Merritt Dam Member, Ash Hollow For¬ 
mation (late Clarendonian), Brown and Cher¬ 
ry counties, Nebraska: North of Crane 
Bridge, Niobrara River: F:AM 61088, skull 
fragments, right premaxillary-maxillary with 
13—P4 (PI alveolus and Ml broken), man¬ 
dible with i3—m2 (cl broken and m3 alveo¬ 
lus), fragmentary scapula, both ulnae (Mun- 
the, 1989: fig. 11A), distal end of right ra¬ 
dius, fragment of pelvis, baculum, distal end 
of femur, right tibia (Munthe, 1989: fig. 17A) 
and partial left tibia, both calcanea, incom¬ 
plete metacarpal III, metacarpals IV and V, 
metatarsals II, III, IV, and incomplete V, car- 
pals, tarsals, vertebrae, and incomplete ribs. 
Bear Creek Quarry: F:AM 61111, left ramus 
and right partial ramus with i3—m2 and m3 
alveolus; and F:AM 61112, right partial ra¬ 
mus with cl—ml (pi alveolus and ml bro¬ 
ken). Talus slope near Old Wilson Quarry: F: 
AM 105307, left isolated P4. Leptarctus 
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Quarry: F:AM 61102, partial crushed skull 
with 11-13 alveoli, Cl-Pl broken, P2-P4, 
and M1-M2 alveoli; and F:AM 61103, left 
ramus with i 1—i3 alveoli and cl—m3. Mo¬ 
duli roclus Quarry: F:AM 61101, skull with 
11-13 alveoli and Cl-M2 (PI and P3 alveoli) 
and left ramus with i 1—i3 alveoli, cl, p2—m2, 
and m3 alveolus (fig. 93). Trailside Kat 
Quarry: F:AM 61106, right partial maxillary 
with P2-P3 and P4 broken. East Kat Quarry: 
F:AM 61105, left partial ramus with ml and 
m2-m3 alveoli; and F:AM 67354, left max¬ 
illary fragment with P4. Quarter Kat Quarry 
Channel: F:AM 67354A, right isolated P4. 
West Line Kat Quarry Channel: F:AM 
61104, left partial ramus with p3 broken—ml 
and m2—m3 alveoli. Xmas Quarry Zone: F: 
AM 25146, left partial ramus with cl—pi al¬ 
veoli and p2—m3 (p3—p4 broken). 

Distribution: Late late Barstovian of Ne¬ 
braska; early Clarendonian of Nebraska, 
South Dakota, and Texas; and late Claren¬ 
donian of Nebraska. 

Emended Diagnosis: Paratomarctus eu- 
thos can be distinguished from P. temerarius 
by larger size, enlarged postorbital process of 
frontal, wide frontal shield, broadened palate 
and laterally flared dorsal border of ramus, 
more elongated external auditory meatus, 
and weak symphyseal boss on anteroventral 
border of ramus. 

Description and Comparison: Unlike the 
poorly founded Paratomarctus temerarius, 
P. euthos was established on a well-pre¬ 
served skull. Associated skulls and lower 
jaws in the present study, however, permit a 
more complete knowledge of the entire cra¬ 
nial and dental morphology. In addition, 
through reference of a much larger sample in 
the hypodigm, we are in a better position to 
evaluate its variation. 

Paratomarctus euthos is 8% (average of 
all dental measurements) larger than Para¬ 
tomarctus temerarius. The most noticeable 
difference between P. temerarius and P. eu¬ 
thos is the broader palate and forehead of the 
latter (palate width at PI and frontal shield 
width in fig. 89), especially shown by indi¬ 
viduals in the Ash FIollow Lormation. As¬ 
sociated with the broad palate is a widened 
anterior part of the skull relative to the pos¬ 
terior part, as well as a laterally flared ante¬ 
rior ramus. These features parallel similar de¬ 


velopments in Euoplocyon and Aelurodon. 
Furthermore, P. euthos has a weak boss at 
the ventral border of the mandibular sym¬ 
physis, as also occurs in A. taxoides. How¬ 
ever, in contrast to Euoplocyon, and to a less¬ 
er degree to Aelurodon, P. euthos still pos¬ 
sesses a fully bicuspid talonid on the ml, and 
its reduced premolars are characteristic of the 
Borophagina clade. 

Individuals in the Burge Member of the 
Valentine Formation are transitional between 
P. temerarius and the Clarendonian individ¬ 
uals of P. euthos. The Burge individuals tend 
to have a more gracile appearance with nar¬ 
rower palates and less flared lower jaws than 
the more robust skulls and broader palates in 
individuals from the Ash Hollow Formation. 
The Clarendonian individuals also display 
initial tendencies toward hypercarnivory in 
their reduction of the ml entoconid and m2 
metaconid and smaller M2 and m2. 

One individual from the Machairodus 
Quarry, F:AM 61101 (fig. 93), has a rather 
flat forehead and reduced m2 metaconid, fea¬ 
tures commonly seen in Aelurodon. Further¬ 
more, its P4 parastyle is poorly developed 
and its pi is absent. F:AM 61101 has oth¬ 
erwise typical P. euthos features (e.g., small 
premolars, a boss on the ramus), and its pe¬ 
culiarities are here considered as variations 
within the species. 

A ramal fragment with p2—p4 (F:AM 
30905) from Driftwood Creek, Nebraska, is 
also questionably referred to this species. Its 
large size is not seen in more typical indi¬ 
viduals from the early Clarendonian of Ne¬ 
braska. 

Discussion: Cynodesmus euthos was ini¬ 
tially conceived to be in a direct line of de¬ 
scent to modern Canis (McGrew, 1935: fig. 
4), in contrast to the then popular view that 
the latter was derived from Tomarctus, which 
was in turn derived from Cynodesmus (Mat¬ 
thew, 1924, 1930). McGrew (1935) cited an 
indistinct P4 parastyle on the holotype of eu¬ 
thos (a primitive character in our analysis) as 
his main evidence of a direct relationship 
with Canis, as opposed to better develop¬ 
ments of the parastyle in Tomarctus. 
VanderHoof and Gregory (1940: 160), how¬ 
ever, suggested that size of the P4 parastyle 
tends to be variable and that Tomarctus (sen- 
su lato) is the proper generic name for eu- 



Fig. 91. Paratomarctus euthos. A, Dorsal. B. ventral, and C, lateral views of skull. UCMP 29282, 
holotype, Gordon Creek Quarry, Burge Member. Valentine Formation (late late Barstovian), Cherry 
County, Nebraska. Adopted from McGrew (1935: figs. 1-3). 
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Fig. 92. Paratomarctus euthos. A, Lateral, B, enlarged occlusal. C, ventral, and D, dorsal views of 
skull and upper teeth, E, lower teeth, and F. ramus, F:AM 61089, Hollow Horn Bear Quarry, Ogallala 
Group (early Clarendonian), Todd County, South Dakota. The shorter (upper) scale is for A, C, D, and 
F, and the longer (lower) scale is for the rest. 
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Fig. 93. Paratomarctus euthos. A, Lateral, B, enlarged occlusal. C, ventral and D, dorsal views of 
skull and upper teeth, E, lower teeth, and F, ramus, F:AM 61101, Machairodus Quarry, Merritt Dam 
Member, Ash Hollow Formation (late Clarendonian), Cherry County, Nebraska. The longer (upper) scale 
is for B and E, and the shorter (lower) scale is for the rest. 
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thos. Although we recognize no close rela¬ 
tionship among Cynodesmus, Tomarctus and 
Canis (each belongs to separate subfamilies 
of canids), the controversy over the parastyle 
is relevant in a different context. As in Par- 
atomarctus temerarius, development of P4 
parastyle in P. euthos is somewhat variable 
before it becomes more stabilized in the next 
step of the phylogeny (Carpocyon). The in¬ 
distinct parastyle in the holotype of P. euthos 
seems to be a rare exception (one only other 
occurrence of this feature is found in F:AM 
61101 as mentioned above), and most indi¬ 
viduals possess a small but distinct parastyle. 

Despite the lack of association of skulls 
and jaws, VanderHoof and Gregory (1940: 
figs. 7d, 8d) correctly referred a lower jaw 
(UCMP 32242, also figured in Webb, 1969a: 
fig. 6) to P. euthos. This ramus became the 
critical link in later reference of additional 
materials from the Mission Fauna, South Da¬ 
kota (Macdonald, 1960) and from the Burge 
Member of the Valentine Formation, Nebras¬ 
ka (Webb, 1969a). These new materials, plus 
the more extensive hypodigm available to the 
present study, indicate that the species was 
confined to the latest Barstovian through 
Clarendonian of the Great Plains. 

Lack of autapomorphies for P. temerarius 
and stratigraphic continuity between P. tem¬ 
erarius and P. euthos indicate a linear an- 
cestral-descendent relationship of these two 
taxa (i.e,, they form a chronospecies). Our 
division between these two species along the 
boundary of Devil’s Gulch/Burge members 
of the Valentine Formation is thus motivated 
by the available name for euthos in the Burge 
Member. Trends along this anagenetic series 
include a slight increase in size, more robust 
skull and jaws (particularly its anterior por¬ 
tion), and incipient tendency toward hyper- 
carnivorous dentitions (reduced ml entoco- 
nid and m2 metaconid, and smaller M2 and 
m2). 

Carpocyon Webb, 1969 

Type Species: Carpocyon limosus Webb, 
1969b. 

Included Species: Carpocyon compressus 
(Cope, 1890); Carpocyon webbi, new spe¬ 
cies; Carpocyon robustus (Green, 1948); and 
Carpocyon limosus Webb, 1969b. 


Distribution: Early Barstovian of New 
Mexico, Nevada and Texas; late Barstovian 
of Nebraska, Kansas, Colorado, and New 
Mexico; early Clarendonian of Nebraska, 
South Dakota, and Texas; late Clarendonian 
of Nebraska and Colorado; early Hemphilli- 
an of Oklahoma; and late Hemphillian of 
Florida. 

Emended Diagnosis: Four synapomor- 
phies unite Carpocyon with the Epicyon— 
Borophagus clade and distinguish it from 
Paratomarctus and more primitive taxa: 
greatly inflated bulla, short tube for external 
auditory meatus, 13 lateral accessory cusplets 
reduced to one, and enlarged parastyle on P4. 
Characters of Carpocyon that are primitive 
with respect to Protepicyon and higher taxa 
are palate narrow, masseteric fossa without 
anterior excavation (except in C. robustus). 
Ml paracone low-crowned, and p4 less en¬ 
larged relative to p2—p3 (except C. robustus). 
Autapomorphic characters of Carpocyon fur¬ 
ther distinguishing it from Paratomarctus 
and the Protepicyon—Borophagus clade in¬ 
clude P4 paracone-metacone shearing blade 
short relative to width of tooth. Ml—M2 large 
relative to P4, Ml quadrate with anteriorly 
thickened lingual cingulum, and m2 en¬ 
larged. 

Discussion: The present recognition of 
three more species (besides the type species 
Carpocyon limosus) provides a rather contin¬ 
uous, although still somewhat sketchy, rec¬ 
ord for this lineage of medium-size Boro- 
phagina. Webb’s (1969b) inclusion of Cyno¬ 
desmus cuspidatus Thorpe (here included in 
Carpocyon compressus) as a species of Car¬ 
pocyon is confirmed by our phylogenetic 
analysis. However, too little is known about 
the type species C. limosus to permit a firm 
connection between it and the more primitive 
species referred here. Dental morphology 
and stratigraphic position of C. limosus seem 
to suggest that it has a Clarendonian prede¬ 
cessor such as C. robustus. 

As discussed by Webb (1969b), Carpo¬ 
cyon has certain superficial similarities to 
some species of Cynarctus, owing to their 
convergent adaptations toward hypocarnivo- 
ry. Webb went to some length to contrast the 
differences between these genera (and also 
Alopecocyon, which is probably a simocyon- 
ine procyonid [Beaumont, 1964]). Many of 
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the dental features listed by Webb, such as 
elongation of Ml—M2 and loss of labial cin¬ 
gulum in Cynarctus, are apparently differ¬ 
ences between advanced species of Cynarc¬ 
tus (e.g., C. sa.xatillis through C. crucidens) 
and Carpocyon, and these differences tend to 
diminish when compared with primitive spe¬ 
cies of Cynarctus. In our analysis, Carpo¬ 
cyon differs from Cynarctus in the presence 
of a prominently domed forehead, a distinct 
P4 parastyle, and a more robust p4, charac¬ 
ters that indicate a relationship with the Pro- 
tepicyon—Borophagus clade. 

As in the Cynarctus clade, size reduction 
also occurred in Carpocyon, mainly in the 
youngest species, Carpocyon robustus and 
Carpocyon limosus. From C. compressus to 
C. webbi, there is a size increase in early 
Carpocyon that parallels similar size increas¬ 
es in Aelurodon during the late Barstovian. 
Beyond C. webbi, however, the Carpocyon 
lineage began to decrease in size (C. robus¬ 
tus and C. limosus) despite the continued en¬ 
largement in the Aelurodon ferox—taxoides 
lineage. In the case of C. robustus, the inter¬ 
action with Epicyon saevus in the Claren- 
donian may have driven C. robustus to a 
smaller size to avoid competitive interaction. 
In the case of C. limosus, the reason may lie 
more in its further advancement in hypocar- 
nivory, a tendency also seen in the Cynarctus 
clade. 

Carpocyon compressus (Cope, 1890) 
Figures 94, 95 

Aelurodon compressus Cope, 1890: 1067. 
lAelurodon compressus (Cope): Matthew, 1909: 

115. 

Cynodesmus cuspidatus Thorpe, 1922b: 433, figs. 

'4, 5. Webb, 1969a: 35. 

ICynodesmus or ITomarctus compressus (Cope): 

VanderHoof and Gregory, 1940: 158. 
Tomarctus cuspidatus (Thorpe): White, 1941b: 

95. 

Carpocyon cuspidatus (Thorpe): Webb. 1969b: 

275. Evander, 1986: 27, figs. 3, 7C (in part). 

Voorhies, 1990a: A130. fig. A-31A, B. Munthe, 

1998: 136. 

Tomarctus cf. brevirostris (Cope): Messenger and 

Messenger, 1977: 95, fig. la-f. 

Holotype: AMNH 8543, left partial ramus 
with i3 alveolus, cl broken, pi—p3 alveoli, 
p4, ml broken, and m2—m3 alveoli (fig. 94A, 


B) from “Loup Fork,” presumably Valentine 
Formation (late Barstovian), Cherry County, 
Nebraska. 

Referred Specimens: Norden Bridge 
Quarry (UNSM loc. Bw-106), Cornell Dam 
Member, Valentine Formation (early late 
Barstovian), Brown County, Nebraska: 
UNSM 83949, left ramus with p4-ml and 
alveoli of the rest teeth; UNSM 83956, right 
Ml—M2; and UNSM 83957, right M2. 

Crookston Bridge Member, Valentine For¬ 
mation (late Barstovian), Boyd and Cherry 
counties, Nebraska: Railway Quarry A 
(UNSM loc. Cr-12): UNSM 25883 (AMNH 
cast 97252), left partial skull with P4-M2 
(fig. 94E, F); UNSM 76613, left ramus with 
cl—p3 alveoli, p4 broken—m2, and m3 alve¬ 
olus (referred to Carpocyon cuspidatus by 
Evander, 1986: figs. 3, 7C); and UNSM 
76619, right distal part humerus. Railway 
Quarry B (UNSM loc. Cr-13): UNSM 3074- 
86, left ramus with p2—p3 alveoli, p4—m2, 
and m3 alveolus; and UNSM 3196-86, left 
ramus with cl broken—m3 (pi and p3 alveoli 
and ml broken). Jamber Quarry (UNSM loc. 
Bd-6): UNSM 9403 (including UNSM 
9404), right ramus with cl—m2 and m3 al¬ 
veolus (referred to Tomarctus cf. brevirostris 
by Messenger and Messenger, 1977: 95, fig. 
la-f). Garner Bridge South (UNSM loc. Cr- 
123): UNSM 1213-89, left ramal fragment 
with pi alveolus and p2—p4. Northeast of 
Garner Bridge (UNSM loc. Cr-139): UNSM 
1231-89: right maxillary with P4-M2. West 
Valentine Quarry (UNSM loc. Cr-114): 
UNSM 2520-87, left maxillary with Ml- 
M2; and UNSM 2750-87, left ml. 

Bone Creek, 7 mi north and 5 mi east of 
Ainsworth, undifferentiated beds of the Val¬ 
entine Formation temporally equivalent to 
the Crookston Bridge Member (M. R. Voor¬ 
hies, personal cominun. 1997) (late Barsto¬ 
vian), Brown County, Nebraska: UNSM 
2556-90, complete skull and mandible with 
complete upper and lower dentition (fig. 95), 
partial skeleton with nearly complete verte¬ 
brate column, partial left and right scapulae, 
left forelimb, partial pelvis, baculum, and 
both hindlimbs. 

Niobrara River, presumably from Crooks¬ 
ton Bridge Member (M. F. Skinner, personal 
cornmun.), Valentine Formation (late Barsto- 
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vian). Cherry County, Nebraska: YPM 
12788, right and left partial maxillary with 
P2 broken—M2 (holotype of Cynodesmus 
cuspidatus Thorpe, 1922b: figs. 4, 5) (fig. 
94C, D). 

Hazard Homestead Locality (UNSM Hk- 
104), Driftwood Creek, Republic River, 
Ogallala Formation (late Barstovian, tempo¬ 
rally equivalent to Crookston Bridge Mem¬ 
ber of Valentine Formation), Hitchcock 
County, Nebraska: UNSM 91102, left ramus 
with i 1—p3 alveoli, p4—ml, and m2—m3 al¬ 
veoli; and UNSM 1112-92, right ramus with 
p2 broken—ml and m2 alveolus. 

Devil’s Gulch Member, Valentine Forma¬ 
tion (late Barstovian), Brown and Keyapaha 
counties, Nebraska: Devil’s Gulch Horse 
Quarry: F:AM 25220, left partial ramus with 
p2—p3 alveoli, p4—ml, and m2—m3 alveoli; 
F:AM 61351, left isolated Ml; and F:AM 
67356, right isolated unerupted Ml. Moore 
Creek: F:AM 25120, right maxillary frag¬ 
ment with P3 broken—P4 and isolated M2, 
and right and left rami with il— m2 (pi al¬ 
veolus) and m3 alveolus (fig. 94G—I). No lo¬ 
cality data: F:AM 25121, two parts of left 
ramus with cl broken—p4 (pi alveolus and 
p3 broken) and ml—m2 (m3 broken), axis, 
and right tibia. Horsethief Canyon No. 2: F: 
AM 25122, right partial ramus with m2 and 
m3 alveolus, and left distal part of humerus. 
Talus of Devil’s Gulch: F:AM 61327, right 
ramal fragment with ml—m2 both broken and 
m3 alveolus. Half mi west and 40 ft above 
the Devil’s Gulch Horse Quarry: F:AM 
61319, left partial ramus with cl broken, pi— 
p2 alveoli, p3—ml all broken, m2, and m3 
alveolus. Two and one-half mi northeast of 
Burton, 30 ft below Burge Channel: F:AM 
61320, left partial ramus with p3—m2 (ml 
broken). 

H. A. Davis Ranch, east side of Snake 
River, 150 ft below top of Cap Rock, Val¬ 
entine Formation (late Barstovian), Cherry 
County, Nebraska: UNSM 25888 (AMNH 
cast 97152), left ramus with cl broken, pi— 
p3 alveoli, p4 broken—ml, and m2 broken. 

Horse Quarry, Pawnee Creek Formation 
(late Barstovian), Weld County, Colorado: F: 
AM 28320, left ramal fragment with ml bro¬ 
ken—m3. 

Silica Mine, Ogallala Group (?late Barsto¬ 


vian), Calvert, Kansas: F:AM 30903, left iso¬ 
lated ml, left calcaneum, and two metapo- 
dials. 

Stewart Spring Fauna (late early Barsto¬ 
vian), UCMP loc. V5570, Esmeralda For¬ 
mation, Mineral County, Nevada: UCMP 
45236, left ramus with pi—p3 alveoli, p4— 
m2, and m3 alveolus. 

Distribution: Late Barstovian of Nebras¬ 
ka, Colorado, and Kansas. 

Emended Diagnosis: Ccirpocyon compres- 
sus possesses derived characters for the ge¬ 
nus: inflated bulla, short tube for auditory 
meatus, P4 wide relative to length, large P4 
parastyle, large upper molars relative to P4, 
anteriorly extended lingual cingulum of Ml 
giving the tooth a more quadrate outline, and 
large m2. C. compressus is generally smaller 
and more primitive in all known characters 
with respect to other species of Ccirpocyon, 
such as less prominent subangular lobe of 
mandible and less expanded posterior cin¬ 
gulum of M2. 

Description and Comparison: Until quite 
recently, knowledge of this species from the 
topotype area was mostly derived from frag¬ 
mentary jaws. It is thus fortunate that a com¬ 
plete skull and skeleton from Bone Creek 
(USNM 2556-90; fig. 95) preserves nearly ev¬ 
ery part of its skeletal morphology. Further¬ 
more, the presence of a baculum in this spec¬ 
imen permits positive identification of it as a 
male. Two bite marks on top of its head, one 
at the frontal—nasal juncture, and another 
(larger, deeper, and penetrating into the olfac¬ 
tory lobe of the brain cavity) behind the post¬ 
orbital process of frontal seem to be the cause 
of its death (no sign of healing), and judging 
from the distance between the bite marks 
were from an animal of much larger size. 

Except for its tendency toward a hypocar- 
nivorous dentition, the skull of Ccirpocyon 
compressus is that of a generalized, medium- 
size Borophagina. The postorbital process of 
the frontal is well developed. It has a rather 
domed forehead, but not as prominently 
domed as in C. webbi. The frontal sinus ex¬ 
tends slightly behind the frontal—parietal su¬ 
ture, The bulla is well inflated compared to 
those in Paratomarctus, but is not as hyper- 
inflated as in C. webbi. There is a short ex¬ 
ternal auditory meatus. The mastoid process 
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Fig. 94. Carpocyon compressus. A, Lower teeth and B, ramus, AMNH 8543, holotype, “Loup 
Fork,” ?Valentine Formation (late Barstovian), Nebraska. C, Upper teeth and D, lateral view of max¬ 
illary, YPM 12788 (holotype of Cynodesmus cuspidatus), Niobrara River, ?Crookston Bridge Member, 
Valentine Formation (late Barstovian), Cherry County, Nebraska. E, Lateral view of skull and F, upper 
teeth, UNSM 25883, Railway Quarry A, Crookston Bridge Member, Valentine Formation (late Barsto¬ 
vian), Cherry County, Nebraska. G, Upper teeth, H, lower teeth, and I, ramus, F:AM 25120, Moore 
Creek. Devil’s Gulch Member, Valentine Formation (late Barstovian), Brown County, Nebraska. The 
shorter (upper) scale is for B, D, E, and I, and the longer (lower) scale is for the rest. 


is not enlarged. The palate remains narrow 
as compared to those in Epicyon and Boro- 
phagus. 

As the earliest member of Carpocyon, C. 
compressus has the basic dental configura¬ 
tion of the genus: distinct P4 parastyle, P4 
protocone without a ridge connecting it with 
the parastyle, upper molars enlarged with a 
quadrate outline. Ml paracone and metacone 
low-crowned and subequal, and m2 large. C. 


compressus also lacks the more distinct su- 
bangular lobe and has an ml paraconid more 
anteriorly oriented, features that first appear 
in C. webbi. 

Among the Nebraska samples, individuals 
of Carpocyon compressus from the Crooks¬ 
ton Bridge Member are the smallest, fol¬ 
lowed by individuals of larger size in the 
Devil’s Gulch Member. This size increase is 
continued by C. webbi in the Burge Member, 



222 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


NO. 243 




Fig. 95. Carpocyon compressus. A, Lateral. B, occlusal, C, ventral, and D, dorsal views of skull 
and mandible, UNSM 2256-90, Bone Creek, undifferentiated beds of Valentine Formation temporally 
equivalent to Crookston Bridge Member (late Barstovian), Brown County. Nebraska. Illustration by X. 
Wang. 


which is otherwise quite similar to C. com¬ 
pressus. 

Discussion: Cope (1890) initially com¬ 
pared compressus with Aelurodon (mainly A. 


saevus, which is presently referred to Epi- 
cvon saevus), a proposition questioned by 
Matthew (1909: 115) and rejected by 
VanderHoof and Gregory (1940). The one 
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and a half cheekteeth (plus root of cl) in 
Cope’s holotype of Aelurodon compressus 
are inadequate for a positive identification 
beyond the recognition that this specimen be¬ 
longs to a young adult (absence of heavy 
wear) of a medium-size borophagine. The 
partial ramus in the holotype occludes well 
with a cranial fragment (UNSM 25883) from 
the Crookston Bridge Member of the Val¬ 
entine Formation, which is nearly identical 
in dental proportions to Thorpes’ holotype of 
Cynodesmus cuspidcitus (probably also from 
the Crookston Bridge Member; M. F. Skin¬ 
ner, personal commun.). Although there is al¬ 
ways a slight chance that these specimens 
represent more than one species, we consider 
them conspecific for lack of other borophag- 
ines within this size range and morphology 
(the contemporaneous Paratomarctus tem- 
erarius is closest in size range but has much 
more reduced p4s than shown on the alveoli 
of the holotype of C. compressus). 

Webb (1969b: 281) included Cynodesmus 
cuspidatus in his newly established Carpo- 
cyon, having regarded cuspidatus as the 
“first clear-cut embodiment” of a postulated 
lineage from Paratomarctus temerarius to 
Carpocyon limosus. Webb’s basic phyloge¬ 
netic framework is substantiated by our own 
analysis, which provides two transitional 
taxa, C. webbi and C. robustus, linking the 
beginning and end members of the genus. 

Carpocyon webbi, new species 
Figures 96, 97A-E 

Holotype: F:AM 61328, skull with Il-Cl 
alveoli and PI—M2 (fig. 96) from Midway 
Quarry, Burge Member, Valentine Formation 
(late late Barstovian), Cherry County, Ne¬ 
braska. 

Etymology: Named for S. David Webb in 
recognition of his research on canids from 
Nebraska and Florida. 

Referred Specimens: Burge Member, Val¬ 
entine Formation (late late Barstovian), 
Brown and Cherry counties, Nebraska: June 
Quarry: F:AM 61322, left ramus with cl-p3 
alveoli, p4—m2, and m3 alveolus (fig. 97A, 
B); F:AM 61323, right partial ramus with 
pi—p2 alveoli, p3—m2 (p4—ml both broken), 
and m3 alveolus; F:AM 61324, right partial 


ramus with p4 broken—m2 and m3 alveolus; 
F:AM 61326, left partial ramus with cl, pi— 
ml, and m3 alveoli; F:AM 61329, partial 
skull with Cl—PI alveoli and P2-M2; F:AM 
61330, right partial maxillary with P4-M2; 
F:AM 61333, left partial ramus with p2, p4, 
and pi and p3 alveoli; F:AM 70601, right 
partial ramus with ml—m2 and m3 alveolus. 
Lucht Quarry: F:AM 61325, left partial ra¬ 
mus with cl—p3 alveoli, p4—m2 all broken, 
and m3 alveolus; F:AM 67342, right partial 
ramus with i3—pi alveoli, p2—ml all broken, 
and m2 alveolus; F:AM 70606, left partial 
maxillary with P3—M2 (Ml alveolus); and F: 
AM 105334, left ramus with il alveolus and 
i2—m2 (pi, p3, and m3 alveoli). Burge Quar¬ 
ry: F:AM 61321, left partial ramus with ml— 
m2; F:AM 61331, left isolated Ml; F:AM 
61332, left ramal fragment with il—pi and 
p3 alveoli, p2, and p4; and UNSM 8535, left 
and right partial rami with pi—m2. Ewert 
Quarry: F:AM 61334, right ramal fragment 
with m2. Burge Talus, 1.5 mi below Steer 
Creek: F:AM 67341, left partial ramus with 
cl broken—m2 (pi alveolus). White Point 
Quarry, on the south fork of Deep Creek: F: 
AM 70623, right partial maxillary with PI 
alveolus-M2 (P4 broken). 

Thayer Ranch, 2 mi below Fion Bridge on 
Niobrara River, ?Cap Rock Member, Ash 
Hollow Formation (Clarendonian), Cherry 
County, Nebraska: F:AM 107753, left partial 
ramus with il—pi alveoli and p2—p4. 

Pojoaque Member, Tesuque Formation 
(late Barstovian), Santa Fe County, New 
Mexico: Santa Cruz: F:AM 27371 and 
27372, right and left maxillae with 11-13 
roots and Cl—M2, and left partial ramus with 
p4—m3 of a single individual. Santa Cruz, 
Rio Grande Slope: F:AM 27366B, right ra¬ 
mus with cl broken—m2 (pi, p4, and m3 al¬ 
veoli) (fig. 97C, D). Santa Cruz Red Fayer: 
F:AM 27366, right partial ramus with il—p4 
alveoli and roots, ml broken—m2, and m3 
alveolus. Santa Cruz First Wash: F:AM 
61335, incomplete anterior part of skull with 
11-13 alveoli. Cl broken, P1-P3 alveoli, and 
P4 broken—M2, and posterior part of skull 
(fig. 97E); F:AM 61380, left partial ramus 
with i3—p3 alveoli, p4—ml broken, and m2— 
m3 alveoli. South Pojoaque Bluffs: F:AM 
50157, left partial maxillary with P1-P3 al- 
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veoli and P4 broken—M2, and right and left 
partial rami with pi root—m2. Lower Poj- 
oaque Bluffs, west of Huerfano Fault, San 
lldefonso Grant: F:AM 61336, right partial 
ramus with cl broken, pi alveolus, p2—p4, 
ml broken—m2, and m3 alveolus. ?Santa 
Cruz: F:AM 27369, left ramal fragment with 
p4—ml both broken and m2—m3 alveoli; and 
F:AM 27370, left partial maxillary with P4- 
M1 both broken and M2 alveolus. No local¬ 
ity data: F:AM 27364, partial mandible with 
il—m2 (cl broken and m3 alveolus); and F: 
AM 61337, left partial ramus with cl-m2 
(pi, p3, and m3 alveoli). 

Conical Hill Quarry, base of Ojo Caliente 
Member, Tesuque Formation (late Barstovi- 
an), 15 mi northwest of Espanola, Rio Arriba 
County, New Mexico: F:AM 70502, left par¬ 
tial maxillary with Cl—P2 alveoli, P3, and 
P4-M2 all broken. 

Black Mesa, San lldefonso, rocks referred 
to the Chamita Formation (Clarendonian), 
Rio Arriba County, New Mexico: F:AM 
27365, left ramal fragment with ml broken— 
m2 and m3 alveolus. 

Distribution: Late Barstovian of Nebras¬ 
ka and New Mexico, and Clarendonian of 
Nebraska and New Mexico. 

Diagnosis: Aside from its larger size and 
relatively and actually longer ml as com¬ 
pared to other species, C. webbi is derived 
with respect to C. compressus in that the ml 
paraconid is broad with the labial side at an 
oblique angle (nearly 45) to the protoconid, 
and the mandibular ramus has a more prom¬ 
inent subangular process. Compared to C. ro- 
bustus, C. webbi is larger in size and lacks a 
deeply excavated masseteric fossa on the an¬ 
terior rim, an expanded M2 posterior cingu¬ 
lum, and an enlarged p4. 

Description and Comparison: The beau¬ 
tifully preserved skull of the holotype un¬ 
equivocally shows a highly domed and wide 
forehead in Carpocyon. The top of this 
prominent dome is almost 30 mm above the 
tip of the inion, in contrast to a much lower 
forehead in C. compressus. Beneath this 
domed forehead is a greatly expanded frontal 
sinus, which pushes slightly beyond the fron¬ 
tal-parietal suture but does not penetrate to 
the posterior part of the braincase, as it does 
in Borophagus. The skull in C. webbi is more 
domed than in some early individuals of Ep- 


icyon saevus, and represents an independent 
development within the Carpocyon lineage. 
Besides the vaulted forehead, the skull of C. 
webbi has the general construction of prim¬ 
itive Borophagina: palate narrow; nuchal 
crest slightly overhanging occipital condyle, 
but not laterally restricted as in Aelurodon; 
very inflated bulla; short free tip of the par- 
occipital process; mastoid process not inflat¬ 
ed; and a moderate development of an au¬ 
ditory meatus tube. In general, the cranial 
proportions of C. webbi are most notable for 
an elongated skull with a long rostrum and 
long temporal fossa (length of PI—M2 and 
length of M2 to bulla in fig. 89) and a narrow 
braincase. 

Dentally, the premolars are slightly re¬ 
duced and not crowded. The P4 has a distinct 
parastyle and a reduced protocone. The ridge 
leading from the protocone points toward the 
apex of the paracone, not the parastyle, ex¬ 
cept in one individual, F:AM 70606, whose 
protocone ridge is directed laterally toward 
the parastyle but does not fully connect with 
the parastyle. The upper molars are quadrate 
in outline and enlarged relative to the P4. 
The p 1—p3 are not as sharply reduced relative 
to the p4 as in Carpocyon robustus. The ml 
paraconid tends to have a rather transversely 
oriented lateral border, in contrast to the 
more anteriorly oriented paraconid (in dorsal 
view) in C. compressus. The m2 is large. 

The relatively large sample from the Po- 
joaque Member of the Tesuque Formation is 
similar in cranial and dental morphology to 
the Burge sample. Materials from the Coni¬ 
cal Hill Quarry (F:AM 70502, a partial left 
maxillary with P3—M2), however, suffer 
from considerable postmortem deformation 
such that its premolars become extremely 
slender while its Ml—M2 remain normally 
proportioned. 

Discussion: Carpocyon webbi attains the 
largest size in the genus— Carpocyon species 
both earlier and later than C. webbi are 
smaller in size. Individuals from the Po- 
joaque Member of the Tesuque Formation 
are more consistently of large-size. On av¬ 
erage, the dental measurements of C. webbi 
are 16% larger than those of C. compressus 
and 10% larger than those of C. robustus. 
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Fig. 96. Carpocyon webbi. A, Lateral, B, enlarged occlusal, C, ventral, and D, dorsal views of skull 
and upper teeth, F:AM 61328, holotype, Midway Quarry, Burge Member, Valentine Formation (late late 
Barstovian), Cherry County, Nebraska. The shorter (upper) scale is for A, C, and D, and the longer 
(lower) scale is for B. 


The size increase culminated at C. webbi, size and morphology. However, the New 
and decreasing size and greater hypocarni- Mexico individuals tend to have more prim- 

vory seem to be the trend in C. robustus and itive proportions of the premolars, i.e., the 

C. limosus. p2—p3 is less reduced relative to p4. The re- 

Samples from New Mexico are in general lationship between the New Mexico and Ne- 
very close to those from Nebraska both in braska samples remains poorly understood. 
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Fig. 97. A. Lower teeth and B, ramus, Carpocyon webbi, F:AM 61322, June Quarry, Burge Member, 
Valentine Formation (late late Barstovian), Brown County, Nebraska. C, Lower teeth and D, ramus 
(reversed from right side), C. webbi, F:AM 27366B, Santa Cruz, Pojoaque Member. Tesuque Formation 
(late Barstovian), Santa Fe County, New Mexico. E, Upper teeth, C. webbi, F:AM 61335, Santa Cruz 
First Wash. Pojoaque Member, Tesuque Formation (late Barstovian), Santa Fe County, New Mexico. F, 
Occlusal view of M2, G, lower teeth, and H. ramus, C. robustus, UCMP 33569, holotype. Red Rock 
Canyon, Dove Spring Formation (Clarendonian), Kern County, California. I, Upper teeth (M2 reversed 
from right side) and J, lateral view of maxillary, C. limosus, UF 12069, holotype, Hexameryx Locality, 
Bone Valley Formation (late Hemphillian), Polk County, Florida. K, Enlarged occlusal and L. lateral 
views of maxillary and upper teeth, C. limosus, F:AM 61017, Port of Entry Pit, Ogallala Group (early 
Hemphillian), Ellis County, Oklahoma. The longer (upper) scale is for A, C, E, F, G, I, and K, and the 
shorter (lower) scale is for the rest. 



1999 


WANG ET AL.: SYSTEMATICS OF BOROPHAGINAE 


227 


Carpocyon robustus (Green, 1948) 
Figure 97F-H 

Tomarctus robustus Green, 1948: 82, figs. 1, 3. 

Downs, 1956: 235. Munthe, 1989: 13, figs. 5A, 

8K, 10 A, 10M, 161. 

Aelurodon saevus (Leidy, 1869): Green. 1971: 

489 (SDSM 6853). 

Tomarctus ? robustus (Green): Munthe, 1998: 135. 

Holotype: UCMP 33569 (AMNH cast 
80158), partial skeleton including left man¬ 
dible with il— m2 and m3 alveolus, right 
mandible with alveoli for incisors and ca¬ 
nine, p 1—m3 in place, an isolated left P2 and 
left M2 (fig. 97F—H), and an isolated 13, all 
cervical, thoracic, lumbar, and a few sacral 
vertebrae, pelvis, both scapulae, ribs, manu¬ 
brium, sternebrae, left humerus, right radius 
and ulna, right and left scapholunar, mag¬ 
num, unciform, cuneiform, pisiform, right 
trapezoid, metacarpals, left tibia, right cal- 
caneum and cuboid, left navicular, right en- 
tocuneiform and ectocuneiform, metatarsals, 
phalanges, and sesamoids, from Red Rock 
Canyon, approximately 1 mi north of the Ri¬ 
cardo Post Office, UCMP loc. V3732, Dove 
Spring Formation (Clarendonian), Kern 
County, California. 

Referred Specimens: Gallup Gulch, 35 ft 
above spring level, massive sand. Ash Hol¬ 
low Formation (early Clarendonian), Cherry 
County, Nebraska: F:AM 107858, right par¬ 
tial ramus with cl—ml. 

First canyon above the Boiling Springs 
Bridge, south side of Niobrara River, marly 
zone, base of Ash Hollow Formation (early 
Clarendonian), Cherry County, Nebraska: F: 
AM 61350, partial skull with 13-P3 (all bro¬ 
ken and PI alveolus), P4—M2, and right par¬ 
tial ramus with ml broken—m3. 

Mission Local Fauna, George Thin Elk 
Gravel Pit, Thin Elk Gravels (early Claren¬ 
donian), northwest of Mission, Mellette 
County, South Dakota: F:AM 70622, left 
partial maxillary with PI—P3 alveoli, P4, and 
Ml broken alveolus; and SDSM 6853 
(AMNH cast 93462), left ramus with cl, p3 
alveolus, p4—ml, and m2 alveolus (referred 
to Aelurodon saevus by Green, 1971: 489). 

Hollow Horn Bear Quarry, undifferentiat¬ 
ed beds of Ogallala Group, temporally equiv¬ 
alent to the Cap Rock Member of the Ash 
Hollow Formation (early Clarendonian), 


Todd County, South Dakota: F:AM 61349, 
left partial ramus with p4 broken—ml and 
m2—m3 alveoli. 

Clarendon beds, Quarry 1, Spade Flats, 
Ogallala Group (early Clarendonian), Donley 
County, Texas: F:AM 70758, crushed partial 
skull with Cl alveolus—M2, and both rami 
with i 1—i3 all broken and cl—m2 (pi and m3 
alveoli). 

Merritt Dam Member, Ash Hollow For¬ 
mation (late Clarendonian), Brown and Cher¬ 
ry counties, Nebraska: Platybelodon Quarry 
(UNSM loc. Cr-22): UNSM 25889, left ra- 
mal fragment with pi alveolus and p2—p4. 
West Line Kat Quarry Channel: F:AM 
61342, left ramus with cl—pi alveoli and p2— 
m3; and F:AM 61348, left partial maxillary 
with P4—M2. Leptarctus Quarry: F:AM 
61343, right ramus with cl, pi—p2 alveoli, 
p3—p4 both broken, ml, and m2—m3 alveoli. 
Wade Quarry: F:AM 61345, right partial ra¬ 
mus with p4—m2. Below Bear Creek: F:AM 
61346, left partial ramus with pi root, p2— 
ml (ml broken), and m2—m3 alveoli. No lo¬ 
cality data: F:AM 25148, left ramus with cl— 
m2 (pi and m3 alveolus). 

Near Craig, 75 ft below the Weller Cap, 
upper end of Swelter Draw, Browns Park 
Formation (late Clarendonian), Moffat Coun¬ 
ty, Colorado: F:AM 61338, crushed right and 
left rami with il-m3; F:AM 61339, crushed 
mandible with il—m3; F:AM 61340, crushed 
fragmentary skull with Cl—P3 all broken and 
P4-M2 (Ml broken); F:AM 61341, crushed 
fragmentary skull with badly broken teeth; 
and F:AM 107857, broken tibia. 

Milk Creek Formation, Milk Creek Quarry 
(Clarendonian), Yavapai County, Arizona: F: 
AM 129869, right ramal fragment with ml— 
m3 and isolated p4. 

Distribution: Early Clarendonian of Ne¬ 
braska, South Dakota, and Texas; late Clar¬ 
endonian of Nebraska and Colorado; and 
Clarendonian of California and Arizona. 

Emended Diagnosis: Besides its smaller 
size, Carpocyon robustus shares with C. li- 
mosus an expanded posterior cingulum of 
M2, in contrast to the more primitive C. webbi 
and C. compressus. In addition, C. robustus 
acquired autapomorphies of a strong pocket 
on the anterior rim of masseteric fossa and 
an enlarged p4 relative to p2—p3. Primitive 
characters that distinguish C. robustus from 
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C. limosus are less enlarged molars relative 
to P4, higher crowned Ml paracone and 
metacone, and weak development of a M2 
hypocone. 

Description and Comparison: Although 
most newly referred materials are also lower 
jaws, a specimen from the Clarendon Beds 
of Texas, F:AM 70758, preserves much of 
the cranium with associated mandible. The 
mediolateral crushing on this skull is severe, 
but did not obscure several important fea¬ 
tures: a prominently domed forehead, an in¬ 
flated bulla, well-developed tube for the au¬ 
ditory meatus, small mastoid process, and 
short tip of the paroccipital process. Except 
for a relatively narrow M2 and a short dis¬ 
tance between orbit and Ml, the overall pat¬ 
tern of cranial proportions is similar to those 
of Carpocyon webbi as exemplified in the ra¬ 
tio diagram of figure 89. In C. robustus, there 
is a deep, elongated pocket behind the ante¬ 
rior rim of the masseteric fossa. In the ho- 
lotype, the degree of reduction in pi—p3 rel¬ 
ative to the p4 is quite pronounced, more so 
than in Protepicyon raki. In another individ¬ 
ual, F:AM 70758, the lower premolar reduc¬ 
tion is nearly as pronounced as in the holo- 
type. Furthermore, the basal cingulum of P3 
in F:AM 70758 is markedly offset from that 
of the P4 in lateral view, such that the two 
teeth are no longer in the same horizontal 
plane. This latter feature is typically seen in 
the Epicyon—Borophagus clade. Through the 
more transitional forms from the early Clar- 
endonian of Nebraska, the premolar reduc¬ 
tion in the holotype seems to represent a tem¬ 
poral variation within the species. If the frag¬ 
mentary materials from the Ash Hollow For¬ 
mation are correctly referred, they are likely 
to represent the primitive condition of this 
character in C. robustus —the degree of pre¬ 
molar reduction in the Nebraska sample is 
comparable to that in C. webbi. 

Discussion: While C. robustus is still in¬ 
adequately sampled, present reference of 
fragmentary materials from the Great Plains 
not only indicates a far more widely distrib¬ 
uted species than its originally known occur¬ 
rence in southern California, but also extends 
its temporal range to the late Clarendonian, 
to overlap with the early members of Car¬ 
pocyon limosus. 

Green (1948) recognized the incipient re¬ 


duction of pi—p3 in the holotype of Tomarc- 
tus robustus as indicating a relationship to 
Osteoborus, but chose a horizontal classifi¬ 
cation to include robustus in Tomarctus, as 
was the common practice of the day. Fur¬ 
thermore, presence of an excavated anterior 
rim of masseteric fossa in the holotype seems 
also to suggest affinity to the Protepicyon— 
Borophagus clade. While our phylogenetic 
analysis suggests that these characters in 
Carpocyon robustus may have independently 
evolved within Carpocyon, the possibility 
that they are synapomorphies for a sister re¬ 
lationship between robustus and the Prote¬ 
picyon—Borophagus clade should not be 
lightly dismissed, i.e., characters shared be¬ 
tween robustus and other species of Carpo¬ 
cyon may be homoplastic. This latter alter¬ 
native may be further entertained when more 
is known about its hypothesized sister-spe¬ 
cies C. limosus. 

Faced with the competition of large and 
more numerous predators such as Epicyon 
and Aelurodon, C. robustus reduced its size 
from its larger predecessor C. webbi, and 
probably subsisted on smaller vertebrates 
such as lagomorphs and rodents. Near the rib 
basket of the holotype a “mass of mangled 
small bones and teeth with some recogniz¬ 
able fragments includes 11—12, an upper mo¬ 
lar, and a left p3 of Hypolagus cf. vetus (Kel¬ 
logg), plus some unidentifiable rodent mate¬ 
rial” (Green, 1948: 86). Green identified 
these as “stomach bolus or fossil fecal ma¬ 
terial,” which is one of only two instances 
where direct dietary evidence for a boro- 
phagine are found (the other is found asso¬ 
ciated with a skeleton of Aelurodon stirtoni; 
see Munthe, 1989: 96). 

Carpocyon limosus Webb, 1969 
Figure 97I-L 

Carpocyon limosus Webb, 1969b: 276, fig. 1. 

Munthe, 1998: 136. 

Holotype: UF 12069 (AMNH cast 
97775), two maxillary fragments with P3— 
M2 (fig. 971, J) from Palmetto mine, Hex- 
ameryx Locality, 7 mi southeast of Brewster, 
Palmetto Fauna (“Upper Bone Valley Fau¬ 
na” of Tedford et al., 1987), Bone Valley 
Formation (late Hemphillian), Polk County, 
Florida. 
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Referred Specimen: Port of Entry Pit (Ar¬ 
nett Locality), Ogallala Group (early Hem- 
phillian), 5 mi east of Higgins, Texas, in Ellis 
County, Oklahoma: F:AM 61017, left max¬ 
illary fragment with Ml—M2 (fig. 97K, L). 

Distribution: Early Hemphillian of 
Oklahoma, and late Hemphillian of Florida. 

Emended Diagnosis: Unique derived char¬ 
acters that distinguish C. limosus from all 
other species of Carpocyon are molars large 
and more quadrate with Ml length-to-width 
ratio ranging between 80 and 85%; Ml para- 
cone and metacone low crowned, subequal, 
and conical; M2 hypocone distinct and sep¬ 
arate from lingual cingulum; and M2 poster- 
olingual cingulum strong. 

Description and Comparison: Webb’s 
(1969b) original descriptions and illustra¬ 
tions of the holotype contain all details about 
the dental morphology of C. limosus. To the 
holotype, we can add only one maxillary 
fragment (F:AM 61017) from Oklahoma. In 
addition to indicating presence of C. limosus 
in the early Hemphillian of Oklahoma, the 
new material provides a measure of variation 
in its slightly larger size and a better devel¬ 
oped posterior cingulum on M2. This re¬ 
ferred specimen also furnishes a temporal 
link between the last occurrence of C. ro- 
bustus in the late Clarendonian and the late 
Hemphillian holotype of C. limosus. Contin¬ 
ued size reduction seems to be the trend from 
C. webbi to C. limosus, as also seen in an¬ 
other hypocarnivorous lineage, Cynarctus. 

Discussion: Besides the limited sense of 
temporal and geographic variation due to the 
presence of one referred specimen, knowl¬ 
edge of this rare species is still very incom¬ 
plete. These meager records suggest a relic 
form of Carpocyon surviving in the Hem¬ 
phillian of the southern United States, as the 
last hypocarnivorous member of the Boro- 
phaginae. 

Webb (1969b: 278) correctly recognized a 
close relationship between his Carpocyon li¬ 
mosus and Thorpe’s (1922b) Cynodesmus 
cuspidatus (presently Carpocyon compres- 
sus). Our present recognition of intermediate 
species, C. webbi and C. robustus, in the late 
Barstovian through Clarendonian further fills 
a long gap in the fossil record between C. 
compressus and C. limosus. 


Protepicyon, new genus 

Type Species: Protepicyon raki, new ge¬ 
nus and species. 

Etymology: Greek: protos, before; plus 
Epicyon. 

Included Species: Type species only. 

Distribution: Late early to late Barstovian 
of California and New Mexico. 

Diagnosis: In contrast to Carpocyon and 
Paratomarctus, derived characters that Pro¬ 
tepicyon shares with the Epicyon—Boropha- 
gus clade include masseteric fossa deep and 
excavated into anterior rim, high-crowned 
Ml paracone, and widened p4 relative to p2— 
p3. Primitive characters that distinguish Pro¬ 
tepicyon from Epicyon are palate narrow; au¬ 
ditory meatus less tubular and less laterally 
extended; P2—P3 and p2—p3 less reduced, 
with higher crowned main cusps; P4 proto¬ 
cone and parastyle mostly separate but may¬ 
be weakly connected; Ml labial cingulum at 
paracone unreduced; and p4 less enlarged 
relative to p2—p3. Protepicyon has a unique 
feature of its own—13 with two distinct lat¬ 
eral cusplets, as compared to more reduced 
cusplets in taxa both more primitive and de¬ 
rived. 

Protepicyon raki, new species 
Figure 98 

Holotype: F:AM 61705, crushed partial 
skull with Il-Pl alveoli, P2-M2, and right 
partial ramus (fig. 98F—I) with cl—ml from 
Mayday Quarry, Barstow Formation (early 
late Barstovian), San Bernardino County, 
California. 

Etymology: Named in honor of Joseph 
Rak who made significant collections in the 
Barstow, California area for the Frick Lab¬ 
oratory. 

Referred Specimens: Barstow Formation 
(early late Barstovian), San Bernardino 
County, California: Mayday Quarry: F:AM 
31102, right and left partial maxillae with de¬ 
tached P4 and M1-M2; F:AM 31107, left 
partial ramus with pi—m2 and m3 alveolus; 
F:AM 31108, left ramus with cl-m2 and m3 
alveolus; F:AM 31109, right partial ramus 
with i2-cl, pi alveolus, p2 broken—ml, and 
m2 broken; F:AM 61706, crushed partial 
skull with II—M2 and both partial rami with 
cl root, pi alveolus, and p2—m3; F:AM 
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61707, crushed skull with 11-12 alveoli, 13- 
C1 both broken, and P2-M2; F:AM 61710, 
right partial maxillary with P4-M2; F:AM 
61711, right and left partial maxillae with P3 
broken-M2; F:AM 61713, right partial ra¬ 
mus with cl alveolus, pi—p2 both broken, 
and p3-m2; F:AM 61714, left partial ramus 
with cl, pi alveolus, p2—m2, and m3 alve¬ 
olus; F:AM 61715, right partial ramus with 
p2-m2; F:AM 61717, left ramus with cl bro¬ 
ken—ml, m2 broken, and m3 alveolus; F:AM 
61718, left partial ramus with pi—m2 (p2 and 
ml broken, m3 alveolus); F:AM 67060, left 
partial maxillary with P4 and Ml broken; F: 
AM 67061, premaxillary-maxillary fragment 
with 11-13 alveoli and Cl; F:AM 67082, 
right partial maxillary with P4—M2; and F: 
AM 67083, right partial ramus with ml—m3. 
Skyline Quarry: F:AM 31103, right and left 
partial maxillary with P4—M2. Four ft above 
New Year Quarry: F:AM 61708, crushed 
partial skull with P2-P3, P4-M1 both bro¬ 
ken, and M2, and right partial ramus with cl, 
pi—p2 alveoli, and p3—m2 all broken. New 
Year Quarry: F:AM 61712, right ramus with 
cl broken—m3 (p4 broken). New Hope Quar¬ 
ry: F:AM 61716, left ramus with cl broken, 
pi alveolus-m2; and F:AM Bx 319-1661, 
partial femori and partial tibiae of two or 
more individuals. North End: F:AM 27175, 
partial palate with 11—13, Cl—PI alveoli, and 
P2-M2 (fig. 98A, B), and both rami with cl 
erupting and pi—m2 (p2 broken and m3 
erupting); and F:AM 27175A, right ramus 
with i3—pi alveoli, p2—m2, and m3 alveolus. 
No locality data: F:AM 27156, crushed pal¬ 
ate with PI broken-M2; F:AM 27180, right 
partial ramus with cl—ml (m2 broken); and 
F:AM 27189, right ramus with cl-m2 (pi 
alveolus) and m3 alveolus. 

Jemez Creek area, unnamed beds in upper 
part of the Zia Formation (late early Barsto- 
vian), Sandoval County, New Mexico: F:AM 
61738, skull with II alveolus-M2 (13 broken 
and PI alveolus), and right and left rami with 
i2—m2 and m3 alveolus (fig. 98C—E, J); F: 
AM 61739, partial skull with FI broken-M2; 
and F:AM 61740, right ramal fragment with 
p4— m3 all broken. 

North Rio Puerco, unnamed beds upper 
part of the Zia Formation (late early Barsto- 
vian), Sandoval County, New Mexico: Pila- 


res Quarry: F:AM 61741 and 61741A, right 
and left partial rami with pi—m2 all broken. 

Distribution: Late early Barstovian of 
New Mexico and early late Barstovian of 
California. 

Diagnosis: As for genus. 

Description and Comparison: Although 
represented by specimens suffering from var¬ 
ious degrees of crushing, the topotypical ma¬ 
terials of Protepicyon raki in the Barstow 
Formation consist of enough partial crania 
and jaws to permit a good sense of its overall 
morphology and variation. Referred materi¬ 
als from New Mexico, although rare, are bet¬ 
ter preserved. 

The general cranial construction of Pro¬ 
tepicyon raki begins to take the shape of 
primitive Epicyon in its domed forehead 
above the orbit, long rostrum, narrow pal¬ 
ate (relative to Aelurodon), and enlarged 
bulla. In relative cranial and dental propor¬ 
tions, P. raki also approaches Epicyon'. nar¬ 
row braincase, long P4, and short M2 (figs. 
99, 100). Except in young individuals, the 
mandible generally develops a deep pocket 
behind the anterior rim of the masseteric 
fossa. Teeth of P. raki begin to take the 
robust proportions of larger Borophagina. 
The 13 has two distinct lateral cusplets. The 
upper and lower first through third premo¬ 
lars are still quite strong and not as reduced 
as in Epicyon. The P4 is long compared to 
Ml and M2, and has a reduced protocone. 
Most individuals have P4 protocones that 
are not connected to the parastyle by a 
ridge. At least one individual (e.g., F:AM 
27175), however, has a protocone with a 
lateral ridge directed toward the parastyle. 
The Ml paracone is higher crowned both 
absolutely and relatively than the meta¬ 
cone. All M2s in the Barstow Formation 
are enlarged due to transverse elongation. 
The p4 is broad, as is typical for Epicyon. 
The entoconid and hypoconid of ml are 
about equal in height, as are the protoconid 
and metaconid of m2. 

An undistorted skull (lacking dorsal part) 
plus mandible (F:AM 61738, fig. 98C-E, J), 
as well as a partial skull and ramus, from 
the Jemez Creek area. New Mexico, allows 
a sense of variation outside the Barstow 
area. The most noticeable difference of the 
New Mexico specimen is their smaller, less 
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- Protomarctus opt at us . Protepicyon raki a Epicyon aelurodontoides j 
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Fig. 99. Log-ratio diagram for cranial measurements of Protepicyon and Epicyon using Protomarc¬ 
tus optatus as a standard for comparison (straight line at zero for y-axis). See text for explanations and 
appendix II for measurements and their definitions. 


transversely elongated M2s. Other than this 
difference, the New Mexico materials are 
morphologically close to those from Cali¬ 
fornia. 

Discussion: Protepicyon raki has a short 
range in the early part of the Barstow Fauna 
in the Barstow Formation. This coincides 
with the lower part of the range of Aelurodon 
asthenostylus, which extends to the Hemi- 
cyon Stratum as its highest occurrence. Dur¬ 
ing this co-occurrence, both species are of 
approximately the same size and are not al¬ 
ways easy to distinguish when specimens are 
fragmentary. In general, P. raki has a more 
domed forehead, narrower palate, less well- 
developed 13 accessory cusplets, less well- 
developed PI—P3 and pi— p4 cusplets, more 
transversely elongated M2, less reduced en- 
toconid of ml, less reduced metaconid of 
m2, and more elongated m2. Such differenc¬ 


es generally correspond to the morphological 
patterns of the Epicyon clade. We also note 
that certain individuals of A. asthenostylus 
from the Hemicyon Stratum or equivalent 
level (F:AM 27160, 27161, 27166, 27172) 
tend to have a P4 protocone that is connected 
to the parastyle, a derived character for Ep¬ 
icyon (Baskin, 1980). These individuals oth¬ 
erwise have typical Aelurodon-like cranial 
and dental features. The balance of the mor¬ 
phological evidence seems to indicate inde¬ 
pendent acquisition of the P4 protocone con¬ 
nection in certain populations of the A. as¬ 
thenostylus lineage. 

As a transitional species, Protepicyon has 
a brief occurrence in the late early Barstovian 
of New Mexico through early late Barstovian 
of California. It gave rise to Epicyon, which 
becomes more widely distributed in the Clar- 
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Fig. 100. Log-ratio diagram for dental measurements of Protepicyon and Epicyon using Proto¬ 
marctus optatus as a standard for comparison (straight line at zero for y-axis). See text for explanations 
and appendix III for summary statistics of measurements and their definitions. 


endonian through early Hemphillian of North 
America. 

Epicyon Leidy, 1858 

Type Species: Epicyon haydeni Leidy, 
1858. 

Included Species: E. aelurodontoides, 
new species; E. saevus (Leidy, 1858); and E. 
haydeni Leidy, 1858. 

Distribution: Late Barstovian or early 
Clarendonian of New Mexico; early Claren- 
donian of Nebraska, South Dakota, New 
Mexico, Nevada, and Texas; late Clarendon¬ 
ian of Nebraska, Montana, Oklahoma, New 
Mexico, Nevada, California, and Florida; 
Clarendonian of Arizona; early Hemphillian 
of Nebraska, Colorado, Kansas, Oklahoma, 
Texas, Idaho, Oregon, and Florida; late Hem¬ 
phillian of Florida; and ?Hemphillian of 
Montana. 

Emended Diagnosis: Synapomorphies that 
unite Epicyon with the Borophagus clade are 


wider palate, 13 lateral cusplets weak or ab¬ 
sent, PI—P3 and pi—p3 small and low- 
crowned, P4 protocone and parastyle con¬ 
nected by a ridge, absence of M1 labial cin¬ 
gulum at paracone, and p4 further enlarged 
relative to anterior premolars. Autapomor- 
phies for Epicyon are a long free tip of the 
paroccipital process and elongated limbs. Ep¬ 
icyon is distinguished from Borophagus by 
the following primitive features: longer face; 
less dorsally expanded frontal sinus; lack of 
a boss below mandibular symphysis; narrow 
angular process; PI—P3 and pi—p3 more 
widely spaced, and relatively smaller P4 and 
p4; posterior cusplets on P2—P3 and p2—p3 
not reduced; less reduced P4 protocone; p4 
narrower relative to other premolars and car- 
nassial, less tilted posteriorly, stronger pos¬ 
terior cusplet, and transverse diameter less 
than that of trigonid of ml; m2 paraconid 
usually larger and more distinct; and tibia 
more slender and elongate with the radius- 
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to-tibia ratio of 90% (vs. 100% in Boropha¬ 
gus). 

Discussion: Epicyon was originally named 
by Leidy (1858) as a subgenus of Cctnis, but 
was soon abandoned by the same author 
(Leidy, 1869). The type species was placed 
in Aelurodon by Scott (1890) and remained 
assigned to that genus for most of its history. 
Epicyon was resurrected and elevated to ge¬ 
neric status by Baskin (1980) for the “Ae¬ 
lurodon” saevus species group, as a result of 
his analysis of the upper carnassials, follow¬ 
ing an earlier suggestion by McGrew 
(1944b) and Mawby (1964, 1965). Baskin’s 
conclusion is confirmed by our phylogenetic 
analysis, which is based on a larger series of 
characters and taxa. In addition to the P4 pro¬ 
tocone structures noted by Baskin, we can 
identify many cranial and dental features of 
Epicyon that distinguish it from Aelurodon: 
narrower palate, narrower external and inter¬ 
nal nares, more prominently domed forehead, 
lower sagittal crest, less posteriorly extended 
nuchal crest, nuchal crest not laterally com¬ 
pressed, lack of accessory cusps on 13, re¬ 
duction of PI—P3 and pi—p3, enlarged p4, 
and less reduced M2 and m2. 

Dentitions of both Aelurodon and Epicyon 
appear to have been quite capable of crush¬ 
ing bones. However, there is a considerable 
difference between these genera in the con¬ 
struction of their dentitions. The focus of 
bone crushing in Epicyon is at the P4/p4 pair 
(as is also in Borophagus ), whereas in Ae¬ 
lurodon there seems to be a wider range of 
focus among the anterior pairs of premolars 
(such as P3/p3 and P2/p2; see Werdelin 
[1989] for a further analysis of function). 

Epicyon aelurodontoides, new species 
Figure 101 

Holotype: F:AM 67025 (fig. 101), partial 
skull with Cl, PI alveolus, P2, P3 alveolus, 
P4—M2, and detached premaxillary-maxil¬ 
lary with 11—13 alveoli, 2 mi south of Young 
Brothers Ranch, vicinity of Ashland, Ogal- 
lala Group (early Hemphillian), Clark Coun¬ 
ty, Kansas. 

Referred Specimen: Holotype only. 

Etymology: In allusion to its similarities 
to Aelurodon. 

Distribution: From type locality only. 


Diagnosis: Unique characters of Epicyon 
aelurodontoides that distinguish it from E. 
saevus and E. haydeni include reduced post¬ 
orbital process of frontal, high sagittal crest, 
laterally compressed lambdoidal crest, an en¬ 
larged fossa at entrance of hypoglossal canal, 
large ventral facet on mastoid process, great¬ 
ly enlarged 13, narrowed talon of Ml, and 
reduced M2. E. aelurodontoides is further 
distinguishable from the E. saevus—haydeni 
clade in its lack of a synapomorphy of the 
latter: a concave dorsal edge of sagittal crest. 

Description and Comparison: F:AM 
67025 consists of a partial posterior cranium, 
frontal shield, premaxillary, and maxillary 
fragments. The frontal is moderately domed, 
in both lateral and anterior views, but not 
very broadened, as it is in Aelurodon or ad¬ 
vanced species of Epicyon. The postorbital 
process of frontal is very small, solid on the 
left side, and is penetrated by the frontal si¬ 
nus on the right. The multichambered frontal 
sinus reaches backward to more than 10 mm 
behind the frontal—parietal suture. The sag¬ 
ittal crest is more than 20 mm high and has 
a straight dorsal edge. The laterally constrict¬ 
ed nuchal crest is narrow and projects back¬ 
ward to slightly overhang the occipital con¬ 
dyle. In dorsal view, the zygomatic arch 
lacks a sharp angle in the posterior segment, 
as occurs in Aelurodon. 

Although fragmentary, the left premaxil¬ 
lary and maxillary of F:AM 67025 form an 
essentially continuous dental battery. The al¬ 
veoli of the incisors suggest a greatly en¬ 
larged 13 and an arched external profile, in 
contrast to the transversely straight incisor 
row in Aelurodon. Also indicative of its dif¬ 
ference from Aelurodon is a relatively nar¬ 
row palate at the anterior premolars (the 
width across the Pis is approximately 36 
mm). On the other hand, the palate at P4 is 
not abruptly widened relative to that at PI¬ 
PS, as it is in Borophagus. In the ratio dia¬ 
gram (fig. 99), the few cranial measurements 
available for E. aelurodontoides are consis¬ 
tent with the general pattern of Epicyon ex¬ 
cept for a narrow frontal shield. 

The basicranial region is most notable for 
an unusually enlarged hypoglossal canal. The 
canal (also called condyloid foramen), which 
holds the vertebral vein, is expanded to form 
a rounded bony fossa with a maximum di- 






236 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


NO. 243 


ameter of 10 mm at its ventral entrance. To¬ 
ward the posterodorsal aspect of this fossa is 
the condyloid foramen, 4 mm in diameter, 
opening into the foramen magnum. Presum¬ 
ably, the vertebral vein forms a large, round¬ 
ed sinus within this fossa immediately out¬ 
side the condyloid foramen. Such an en¬ 
larged sinus for the vertebral vein at the hy¬ 
poglossal canal is not known in other canids. 
The mastoid process has a thin lateral crest 
and an expanded ventral facet that protrudes 
posteriorly. 

The dental morphology of this species is 
equally paradoxical. On the one hand, F:AM 
67025 has Aelurodon- like upper molars with 
reduced internal cingulum on Ml and a very 
small M2. On the other hand, it has Epicyon- 
like reduced premolars that lie dorsal to the 
base of the P4. Heavy wear on the P4 does 
not permit determination of a possible con¬ 
nection between protocone and parastyle, a 
derived character for Epicyon. 

Discussion: This species possesses a cu¬ 
rious mixture of cranial and dental features 
of Aelurodon and Epicyon. It has Aelurodon- 
like characters such as a high sagittal crest 
with a horizontal dorsal edge, a posteriorly 
projecting nuchal crest that overhangs the oc¬ 
cipital condyle, a reduced lingual cingulum 
on Ml, and a very reduced M2. On the other 
hand, F:AM 67025 seems to show affinities 
to the Epicyon—Borophagus clade because of 
its derived characters such as slightly domed 
forehead, reduced labial cingulum on Ml, 
and small, low-crowned premolars. In partic¬ 
ular, the premolar reduction is a unique char¬ 
acter not seen in the Aelurodon clade, which 
features the opposite trend toward premolar 
enlargement. Other features that tip the bal¬ 
ance toward an Epicyon—Borophagus affinity 
include upper incisor row arched, anterior 
muzzle narrow, and zygomatic arch not 
sharply angled near the posterior end (in dor¬ 
sal view). These characters are primitive con¬ 
ditions relative to Aelurodon that generally 
do not characterize that genus. Although both 
of the P4s are present, heavy wear on these 
teeth does not permit clear observation of the 
protocone in relation to the parastyle. Lack 
of a ridge leading toward the protocone on 
the remaining enamel of the right P4, how¬ 
ever, may suggest the Epicyon condition. 

If the above analysis is correct, E. aelu- 


rodontoides may be placed within Epicyon 
because of its reduced anterior premolars and 
reduced M2, although the latter character is 
also independently developed in Aelurodon. 
On the other hand, F:AM 67025 lacks de¬ 
rived characters of the Borophagus clade, 
such as a shortened rostrum and elaborate 
frontal sinus. Within the Epicyon clade, E. 
aelurodontoides seems to be in a basal po¬ 
sition because of its lack of a concave dorsal 
edge of the sagittal crest, a character shared 
by E. saevus and E. haydeni. 

Epicyon saevus (Leidy, 1858) 

Figures 102-107, 108A-F 

Canis saevus Leidy, 1858: 21; 1869: 28. pi. 1, 
fig- 9. 

Aelurodon saevus (Leidy): Cope, 1881a: 387; 
1883: 243, fig. 9: 1890: 1067, pi. 32. Scott, 
1890: 66, fig. 1. Matthew, 1899: 67. Cope and 
Matthew, 1915: pis. 68, 69. VanderHoof and 
Gregory, 1940: 145, fig. 2. McGrew. 1944b: 79 
(in part). Mawby, 1964: 43. 

Aelurodon haydeni (Leidy, 1858): Matthew and 
Gidley, 1904: 250, figs. 2, 5 (in part). Stilton. 
1932: 61 (in part). 

Aelurodon inflatus VanderHoof and Gregory, 
1940: 154, figs. 7c, 8c. Gregory, 1942: 344, fig. 
7. McGrew, 1944b: 79. Webb, 1969a: 41. 
Osteoborus diabloensis Richey, 1938: Macdon¬ 
ald, 1956: 192, fig. 6. 

Aelurodon n. sp.? Webb. 1969a: 41. 

Aelurodon cf. A. haydeni (Leidy): Webb, 1969a: 
42 (in part). 

Aelurodon validus (Matthew and Cook, 1909): 

Skinner et al., 1977: 356 (in part). 

Aelurodon mortifer (Cook, 1914): Skinner et al., 
1977: 352 (in part). 

Epicyon saevus (Leidy): Baskin, 1980: 1350. 
Munthe, 1989: 13, figs. 5B, 9A, 1 IB, 14A, 15B, 
17B. Voorhies, 1990a: A127. Munthe, 1998: 
136. 

Epicyon cf. E. saevus (Leidy): Baskin, 1980: 
1350, fig. IB. 

Aelurodon cf. A. saevus (Leidy): Webb et al., 
1981: 523. 

Epicyon haydeni (Leidy): Munthe, 1989: 14, figs. 
6A, 7A (in part). 

Holotype: USNM 126 (AMNH cast 
97243), left partial ramus with p2-p3 roots, 
p4 broken, and ml—m2 (fig. 102E, F) from 
“the sands of the Niobrara River” (Leidy, 
1869: 28), ?Cap Rock Member, Ash Hollow 
Formation (early Clarendonian), north cen¬ 
tral Nebraska. 



1999 


WANG ET AL.: SYSTEMATICS OF BOROPHAGINAE 


237 


Referred Specimens: Cap Rock Member, 
Ash Hollow Formation (early Clarendonian), 
Brown and Cherry counties, Nebraska: 
Quinn Ranch Quarry: F:AM 25102, left ra¬ 
mus with cl broken, pi alveolus—m2, and 
m3 alveolus (fig. 102A, B); F:AM 25103, 
right partial ramus with il—p2 alveoli, p2— 
m2, and m3 alveolus; F:AM 25104, right 
partial ramus with cl—p3 alveoli, p4—ml, and 
m2 alveolus; F:AM 25105, left ramus with 
cl, p2—p3, p4 alveolus—m2, and m3 alveolus; 
F:AM 25106, left partial ramus with cl—pi 
alveoli, p2—m2, and m3 alveolus; F:AM 
25107, left partial ramus with p2—p3 alveoli, 
p4-m2, and m3 alveolus; F:AM 25108, right 
partial ramus with cl—pi alveoli, p2 root—m2 
(p4 broken), and m3 alveolus; and F:AM 
25140, left anterior part of skull with 11-M2 
(fig. 105F, G). Deep Creek: F:AM 25108A, 
right ramus with cl—pi alveoli, p3, p4 bro¬ 
ken—ml, and m2—m3 alveoli. Head of Pole 
Creek: F:AM 61389, right partial ramus with 
i 1—i3 alveoli, cl, pi—p4 alveoli, ml, and m2— 
m3 alveoli. Base of Cap Rock Member 
above Burge Quarry: F:AM 107869, left ra- 
mal fragment with cl—pi alveoli and p2—p3. 
McConnel Place: F:AM 25099, immature 
skull with 11—12, 13 erupting, dCl, PI, dP2— 
dP3, P3 unerupted, and P4-M2 all erupting, 
and mandible with i 1—i3, del, cl unerupted, 
pi, dp2—dp4, p2—p4 unerupted, ml—m2 
erupting, and m3 unerupted. Little Beaver B 
Quarry: UCMP 63878 (referred to Aelurodon 
cf. haydeni by Webb, 1969a: 42), left ramal 
fragment with p4 and m2. 

Driftwood Creek, Republican River beds, 
temporally equivalent to the Cap Rock Mem¬ 
ber, Ash Hollow Formation (early Claren¬ 
donian), Hitchcock County, Nebraska: 
AMNH 8305 (Cope, 1883: fig. 9; Cope and 
Matthew, 1915: pis., 68, 69; Munthe, 1989: 
figs. 5B, 9A, 1 IB, 14A, 15B, 17B, and re¬ 
construction in front page), skull with 11—M2 
(fig. 102G—I), mandible with il—m2 and m3 
alveolus (fig. 103A, B), postcranial elements 
including axis, posterior cervicals, thoracics, 
lumbars, sacrum, caudals, scapulae, right ra¬ 
dius (fig. 103D) and ulna (fig. 103C), left 
incomplete ulna (another individual), meta- 
carpals 11 and V (fig. 103J, K), pelvis, left 
femur (fig. 103F) and right partial femur, left 
tibia and partial fibula (fig. 103E), two left 
metatarsals IV (fig. 1031; larger one probably 


represents another individual), right metatar¬ 
sal V, right calcaneum (fig. 103G) and as¬ 
tragalus (fig. 103H), right and left astragali 
(larger probably represents another individ¬ 
ual), 5 phalanges, and rib fragments; AMNH 
8311, posterior part of skull; AMNH 8312 
(Cope and Matthew, 1915: pi. 69, fig. 9), left 
partial ramus with p4 broken—m2 and m3 al¬ 
veolus. 

Patton Ranch (UNSM loc. Bn-105), Ogal- 
lala Group, probably equivalent to lower part 
of Ash Hollow Formation (Clarendonian), 
Banner County, Nebraska: UNSM 26096, 
left ramus with i2—cl broken, pi—m2 (p3 and 
m2 broken), and m3 alveolus. 

Big Spring Canyon, UCMP loc. V-3322, 
Ogallala Group (early Clarendonian), Ben¬ 
nett County, South Dakota: AMNH 10805 
(referred to Aelurodon haydeni by Matthew 
and Gidley, 1904: 250, fig. 5), right partial 
ramus with cl—pi alveoli, p2 broken—ml, 
and m2-m3 alveoli; AMNH 10807, posterior 
part cranium; UCMP 32328 (fig. 104A, B), 
left ramus with il—i2 alveoli, i3—m2, and m3 
alveolus (holotype of Aelurodon inflatus 
Vanderhoof and Gregory, 1940: figs. 7c, 8c); 
and UCMP 33328, partial ramus with pl- 
m2. 

Canyon of Little White River (early Clar¬ 
endonian), Ogallala Group, South Dakota: 
AMNH 10804, left partial maxillary with 
Cl—PI alveoli and P2-M2 (Matthew and 
Gidley, 1904: fig. 3); AMNH 10806, right 
ramus with pi alveolus, p2—m2 (p4—ml bro¬ 
ken), and m3 alveolus; and AMNH 10812, 
left ramal fragment with cl alveolus and de¬ 
tached broken cl, pi alveolus, and p2—p4 all 
broken. 

Rosebud Agency Quarry (early Claren¬ 
donian), Ogallala Group, South Dakota: F: 
AM 61377, left partial ramus with cl-p2 al¬ 
veoli and p3-m2; and F:AM 61378, left par¬ 
tial ramus with p2—p4 and ml broken. 

Hollow Horn Bear Quarry, undifferentiat¬ 
ed beds (early Clarendonian) in Ogallala 
Group, temporally equivalent to Cap Rock 
Member of the Ash Hollow Formation, Todd 
County, South Dakota: F:AM 49439, right 
maxillary fragment with P4; F:AM 61369 
and 61370 (one individual), right and left 
maxillae with Cl, P1-P2 alveoli, and P3- 
M2; F:AM 61371, right isolated Ml; F:AM 
61371A, left isolated Ml; F:AM 61371B, 
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left isolated Ml; F:AM 61372, right ramus 
with il alveolus, i2, i3 alveolus, cl broken, 
pi—p2 alveoli, p3—ml, m2 broken, and m3 
alveolus; F:AM 61373, right ramus with il— 
i3 alveoli, and cl—m3 (pi and p3 alveoli); F: 
AM 61374, left ramus with cl-p3 alveoli, p4 
broken-m2, and m3 alveolus; F:AM 61375, 
right partial ramus with cl—p2 alveoli, p3— 
ml, and m2-m3 alveoli; F:AM 61376, left 
isolated m2; F:AM 61376A, left isolated m2; 
F:AM 67489, right humerus; F:AM 67489A, 
right distal part humerus; F:AM 67489B, left 
distal part humerus; F:AM 67490, left radius; 
F:AM 67491, left radius; F:AM 67491B, 
proximal part radius; F:AM 67491C, left dis¬ 
tal part radius; F:AM 67492, right ulna; F: 
AM 67492A—E, five partial ulnae; F:AM 
67494, right distal part tibia; F:AM 67495 
and 67495A, B, right and left partial right 
metacarpal II; F:AM 67496 and 67496A, B, 
two left and one right incomplete metacarpal 
III; F:AM 67497, left metacarpal IV; F:AM 
67498, left metacarpal V; F:AM 67500, right 
metatarsal III; F:AM 67501, left incomplete 
metatarsal IV; F:AM 67501A, right metatar¬ 
sal I; F:AM 67502, right metatarsal V; F:AM 
67503 and 67503A, B, three isolated calca¬ 
nea; and F:AM 67503C—F, four proximal 
phalanges. 

Pojoaque Member, Tesuque Formation 
(late Barstovian or early Clarendonian), San¬ 
ta Fe County, New Mexico: San Ildefonso: 
F:AM 61417, crushed anterior part of skull 
with I1-M2 (12 and PI alveoli), both rami 
with cl—m3 (pi alveolus), and left partial ra¬ 
dius and ulna; and F:AM 98629, right partial 
ramus with il—pi alveoli, p2—p3, p4 broken, 
and ml—m3 alveoli. Santa Cruz Red Layer: 
F:AM 27362, right ramal fragment with p2 
broken—p4. 

Santa Ana Wash, Jemez Creek area, un¬ 
named beds of Zia Formation (late Barsto¬ 
vian or early Clarendonian), Sandoval Coun¬ 
ty, New Mexico: F:AM 67363, right ramus 
with i2—m2 (ml broken) and m3 alveolus. 

Round Mountain Quarry, Chamita For¬ 
mation (early Clarendonian), Rio Arriba 
County, New Mexico: F:AM 61418, left ra¬ 
mus with i3, cl broken-m2; F:AM 61638, 
left partial ramus with i 1—i3 alveoli, cl root, 
p4— ml broken base, and m2—m3 alveoli; F: 
AM 67050, left crushed partial ramus with 
cl broken—pi alveolus and p2—m2 (ml bro¬ 


ken); F:AM 67051, left partial ramus with 
cl—p4 all broken, ml—m2, and m3 alveolus; 
F:AM 67053, right partial ramus with p4— 
ml both broken and m2-m3; F:AM 67053A, 
right partial ramus with cl—m2 all broken; F: 
AM 67054, left partial maxillary with 13 al¬ 
veolus, Cl broken, PI alveolus, and P2—M2 
all broken; F:AM 67055, left partial maxil¬ 
lary with P3-M1 and M2 broken; and F:AM 
67056, left partial maxillary with 12-13 al¬ 
veoli and Cl— P4 all broken. 

Clarendon beds (early Clarendonian), 
Donley County, Texas: Mac Adams Quarry 
(= Location 17, Quarry 1), 10 mi north of 
Clarendon: L:AM 55416, left ramal fragment 
with cl and p2 erupting; L:AM 61402, skull 
with I1-M2 (PI alveolus); L:AM 61403, par¬ 
tial skull with II—Cl, PI alveolus, P2, and 
P3 alveolus-M2; L:AM 61404, partial skull 
with Il-Cl all broken, PI alveolus, P2, P3 
alveolus, and P4-M2; L:AM 61405, right 
premaxillary and maxillary with II alveolus— 
M2 (P2 broken); L:AM 61406, right partial 
ramus with cl—p4 and ml broken; L:AM 
61407, right ramus with cl, pi—p2 alveoli, 
and p3-m2; L:AM 61408, left ramus with i3 
broken, cl, and p2—m3 (p3 broken); L:AM 
61409, right ramus with cl—m2 and m3 al¬ 
veolus; L:AM 61410, left ramus with p2-m2 
and m3 alveolus; L:AM 61411, right ramus 
with i3-m2 (pi broken); L:AM 61412, left 
partial ramus with cl alveolus and pi—m2 
(ml broken); L:AM 61413, left partial ramus 
with p2-ml; L:AM 61414, right partial ra¬ 
mus with cl—p2 all roots, p4, and ml—m2 
both broken; F:AM 61415, left ramus with 
cl broken, pi alveolus, and p2—ml; L:AM 
61789, right isolated P4; L:AM 61789A, 
right isolated P4; L:AM 67396, partial skull 
with 11-13 alveoli. Cl, P1-P3 alveoli, and 
P4-M2; F:AM 67397, partial skull with II- 
13 broken. Cl, PI alveolus, and P2-M2; F: 
AM 67941, left femur; F:AM 67941A, right 
partial femur; F:AM 6794IB, left tibia; and 
F:AM 70765, right ramus with cl-m2 and 
m3 alveolus. Whitefish Creek, Quarry 7: F: 
AM 70767, skull with II root-M2 (PI al¬ 
veolus) (fig. 104C—F). Whitefish Creek, 
Quarry 1: F:AM 67385, right ramus with i2 
alveolus—cl, p2—m2, and m3 alveolus; F:AM 
67940, right proximal part radius; F:AM 
67942A, left metatarsal 111; and F:AM 
70701, left ramus with il—i2, i3 alveolus, cl 
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broken—p4, and ml—m2 both broken, frag¬ 
ments of axis. Lewis Place, Location 5, 
Quarry 2: F:AM 67939, right radius, partial 
ulna, metacarpal I, incomplete metacarpal II, 
scapho-lunar, and phalanges. 

Sanford Pit, 12 mi southwest of Borger, 
Channing area, Ogallala Group (?early Hern- 
phillian), Carson County, Texas: F:AM 
97705, left ramal fragment with pi alveolus, 
p2 broken—p4, and ml alveolus. 

Merritt Dam Member, Ash Hollow For¬ 
mation (late Clarendonian), Brown and Cher¬ 
ry counties, Nebraska: Clayton Quarry: F: 
AM 61353, right partial maxillary with P4— 
M2; F:AM 61355, cranial fragment with de¬ 
tached P3-M2; F:AM 61361, right partial 
ramus with cl—pi alveoli, p2—ml (p4 root), 
and m2-m3 alveoli; F:AM 61362, left partial 
ramus with p2 broken—ml; F:AM 61365, left 
ramal fragment with m2 and m3 alveolus; F: 
AM 61366, right isolated ml; F:AM 67514, 
left distal humerus; F:AM 67514A, left distal 
humerus; F:AM 67514B, left distal humerus; 
F:AM 67515, left radius; F:AM 67515A, 
proximal part radius; F:AM 67515B, proxi¬ 
mal part radius; and F:AM 67517, right distal 
part tibia. East Clayton Quarry: F:AM 
61354, left partial maxillary with P4-M2; F: 
AM 61356, right isolated P4; F:AM 61357, 
right maxillary fragment with PI—P3; F:AM 
61358, right isolated Ml; F:AM 61358A, 
right isolated Ml; F:AM 61358B, left isolat¬ 
ed Ml; F:AM 61358C, isolated right cl; F: 
AM 61359, right ramal fragment with ml; F: 
AM 61360, left ramus with i 1—i3 alveoli, cl, 
pi alveolus—ml, and m2—m3 alveoli; F:AM 
61363, left immature partial ramus with dp4, 
cl and p2—p4 all unerupted, and ml—m2 
erupting; F:AM 61364, right partial ramus 
with p2-m2 all erupting; F:AM 61368, left 
isolated m2; F:AM 67515C, proximal part 
radius; F:AM 67516, left ulna; F:AM 67518, 
right immature metatarsal IV with distal end 
missing; F:AM 67520A, calcaneum; and F: 
AM 675 20B, proximal phalanx. Mensinger 
Quarry: F:AM 67331, partial skull with ii- 
P1 alveoli and P2—M2 (fig. 105A—D); and F: 
AM 70612, left ramal fragment with p2-p4. 
Rhino Horizon No. 3 Quarry: F:AM 25109, 
right partial ramus with cl, pi—p4 alveoli, 
ml—m2, and m3 alveolus. Bear Creek Quar¬ 
ry: F:AM 61379, left ramus with i 1—i3 al¬ 
veoli, cl broken, pi—p2 alveoli, p3—m2, and 


m3 alveolus; and F:AM 97703, right and left 
maxillary fragments with P4—Ml both bro¬ 
ken and M2. Bear Creek Quarry slide: F:AM 
61385, skull fragments and right and left par¬ 
tial rami with cl alveolus, pi root, p2—p4, 
ml—m2 broken, and m3 alveolus. Volcanic 
Ash pit on Bear Creek: F:AM 70614, right 
isolated ml. Pratt Quarry: F:AM 67506, dis¬ 
tal left tibia; and F:AM 107870, right max¬ 
illary fragment with P4 and Ml alveolus. 
Pratt Slide, Plum Creek: F:AM 67507, left 
humerus (Munthe, 1989: fig. 8D); F:AM 
67508, left radius; F:AM 67510, right incom¬ 
plete ulna; and F:AM 97704, left maxillary 
fragment with P4— Ml and M2 alveolus. 
Morton Ranch, channel above Cap Rock: F: 
AM 70613, right immature partial maxillary 
with dP3-dP4 broken and M1 erupting. Boll¬ 
ing Quarry: F:AM 25217, left partial ramus 
with pi—p3 all broken and p4—m2; and F: 
AM 61367, right partial ramus with p2—p3 
alveoli, p4—ml, and m2—m3 alveoli. West 
Line Kat Quarry Channel: F:AM 61381, 
skull with II—PI alveoli and P2—M2 (fig. 
106C-F). East Kat Quarry Channel: F:AM 
61386, right partial ramus with p2—ml and 
m2 alveolus; F:AM 61387, left ramus with 
i2—m2 (pi broken) and m3 alveolus (fig. 
108A, B); and F:AM 67508B, left proximal 
end radius. Horn Quarry: F:AM 70621, right 
ramus with il— m3 (fig. 102C, D). Wade 
Quarry: F:AM 61382, left ramus with cl-m2 
and m3 alveolus (fig. 106A, B). Jonas Wilson 
Quarry: F:AM 61347, left ramal fragment 
with ml—m2 and m3 alveolus. Leptarctus 
Quarry: F:AM 61384, right ramus with i2— 
i3, cl broken, p2—m2, and m3 alveolus. Gal¬ 
lup Gulch Quarry: F:AM 25218, right partial 
maxillary with P4—Ml and partial medial 
phalanx; F:AM 62893, right ramus with cl 
alveolus, pi—ml, and m2—m3 alveoli; F:AM 
62894, left partial ramus with cl broken, pi— 
p3 alveoli, p4— ml, and m2 alveolus; F:AM 
107871, right maxillary fragment with PI al¬ 
veolus and P2-P3; and F:AM 107872, right 
isolated ml. Five mi below mouth of Clif¬ 
ford Creek: F:AM 61383, right ramus with 
cl—m2 and m3 alveolus. First canyon, south 
side Niobrara River, below Crane Bridge: F: 
AM 97735, left ramal fragment with p2-p4. 
Madison Bridge on Niobrara River: F:AM 
97736, right partial ramus with p3—p4 and 
ml—m2 alveoli. Jonas Wilson Place: F:AM 
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67508A, right partial radius, distal end miss¬ 
ing; F:AM 67510A, left proximal part ulna; 
F:AM 67505, left femur; and F:AM 67506A, 
right distal part tibia. Hans Johnson Quarry: 
F:AM 67508C, left distal part radius; F:AM 
67511, right metacarpal II; F:AM 67513, 
right calcaneum. Machairodus Quarry: F: 
AM 67508D, left distal end radius. Xmas 
Quarry: F:AM 67510B, left proximal part 
ulna. 

Ash Hollow Formation (late Clarendoni- 
an). Antelope and Keith counties, Nebraska: 
Blue Jay Quarry (UNSM loc. Ap-112): 
UNSM 9503-79, left ramus with pl-p4 al¬ 
veoli, ml, and m2 alveolus. North Shore Lo¬ 
cality (UNSM loc. Kh-106), north shore of 
Lake McConaughy (Leite, 1990: 7): UNSM 
2011-91, right ramal fragment with pi—p3; 
UNSM 2032-91, right p4; UNSM 8107-92, 
right ramus with cl—ml; UNSM 8137-90, 
left ramal fragment with cl, p2, and p4; 
UNSM 9033-88, left ml; and UNSM 9034- 
88, left ml. 

Laucomer Member, Snake Creek Forma¬ 
tion (late Clarendonian), Sioux County, Ne¬ 
braska: Six mi southeast of Olcott Hill, Hip- 
parion Affine Channel: F:AM 61391, right 
ramus with i 1—i3 alveoli, cl broken, pi al¬ 
veolus—m2 (p4—ml broken), and m3 alveo¬ 
lus; and F:AM 61395, right ramal fragment 
with cl—p4 all broken. Sinclair Draw (same 
level as holotype of Aelurodon mortifer 
Cook): AMNH 81028 (HC 269), left ramal 
fragment with ml—m2 and m3 alveolus. Ol¬ 
cott Hill (UNSM loc. Sx-71): UNSM 25594, 
left ml. Top of Olcott Hill: AMNH 83432, 
right isolated P4. Quarry C, Olcott Hill: 
AMNH 18262 (referred to Aelurodon mor¬ 
tifer by Skinner et al., 1977: 353), left ramus 
with cl-pl alveolus and p2-m3; AMNH 
18262A, left isolated ml; AMNH 108509, 
right isolated Ml; and AMNH 108510, right 
isolated p4. Olcott Hill, Ashbrook Pasture: 
AMNH 21438, left isolated m2; AMNH 
81024 (HC 375), right partial maxillary with 
P4-M1; AMNH 81037 (HC 374), left partial 
maxillary with P4-M1; AMNH 81515, left 
ramal fragment with p3 alveolus and p4—ml; 
AMNH 22363, left ramal fragment with ml 
and other isolated teeth, and postcranial ele¬ 
ments; and AMNH 108514, right isolated 
ml. Olcott Quarry: F:AM 61393, right ramal 
fragment with ml—m2. Near west boundary 


fence between Kilpatrick and Ashbrook 
ranches: AMNH 81501 (HC 661), left iso¬ 
lated p4. “23 mi south of Agate“: AMNH 
13842, right isolated p4 and ml; AMNH 
13844, right ramal fragment with ml—m2 
both broken; AMNH 82409, right ramal 
fragment with cl—pi both broken and p2—p3; 
and AMNH 83499, right partial ramus with 
cl alveolus, pi—ml all broken, and m2—m3 
alveoli. Quarry 7, Kilpatrick Pasture: AMNH 
21448, right partial ramus with cl broken, pi 
alveolus, p2, p3—ml all broken, m2, and oth¬ 
er ramal and teeth fragments; AMNH 22032, 
left partial ramus with i3-cl both broken, 
pl-p4, and ml broken; AMNH 22032A, 
right partial maxillary with P4 broken, Ml, 
and M2 broken; AMNH 22397, right isolated 
P4; AMNH 22402, left ramus with cl-p2 al¬ 
veoli, p3—m2, and m3 alveolus; AMNH 
22402A (referred to Aelurodon mortifer by 
Skinner et al., 1977: 353), left partial ramus 
with ml and m2-m3 alveoli; AMNH 
22402B, left ramal fragment with p4 alveolus 
and ml; AMNH 108515, left ramal fragment 
with ml—m2 and m3 alveolus; AMNH 
108516A-C, 4 right isolated mis; AMNH 
108517A, B, right and left P4s (two individ¬ 
uals) and left Ml; AMNH 108518, right iso¬ 
lated ml; and AMNH 108520, right partial 
ramus with p4—ml. No locality data: UNSM 
8544, right ramal fragment with p4— ml. 

Truckee Formation (late Clarendonian), 
Churchill County, Nevada: Nightingale Road 
Locality: F:AM 63210, left ramus with cl- 
m2 all broken; and F:AM 63211, right and 
left rami with cl—m3, skull fragments and 
broken teeth, right and left incomplete radii 
and ulnae, fragmentary humerus, metacarpals 
II, III, and incomplete IV, distal end of fibula, 
calcaneum, broken astragalus, patella, and 
phalanges. Brady Pocket, UCMP loc. V4845: 
UCMP 38666, right maxillary with P2 al¬ 
veolus—Ml and M2 alveolus (referred to Os- 
teoborus diabloensis by Macdonald, 1956: 
fig- 6). 

Fish Lake Valley, Esmeralda Formation 
(early Clarendonian), Esmeralda County, Ne¬ 
vada: UCMP 29683, nearly complete skull 
with 13—M2, and partial left ramus with ml— 
m2 and m3 alveolus, and incomplete skele¬ 
ton, UCMP loc. V2804; and UCR 13336 
(AMNH cast 92536) (listed as Aelurodon 
haydeni by Stirton, 1932: 61), left ramus 
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with cl—pi alveoli, p2—m2 (p2—p4 all bro¬ 
ken), and m3 alveolus, UCR loc. RV6304. 

The Dalles Basin, The Dalles Formation 
(Clarendonian), Wasco County, Oregon: UO 
21353, nearly complete left ramus with il— 
i3 alveoli, cl root, pi alveolus, p2 broken— 
m2, and m3 alveolus. 

Ricardo Fauna, Dove Spring Formation 
(early and ?late Clarendonian), Mohave De¬ 
sert, Kern County, California: Red Rock 
Canyon (LACM loc. 1414): LACM 127794, 
right ramal fragment with ml. Red Rock 
Canyon (LACM loc. 1553): immature left 
and right rami with dp3-dp4 and erupting 
ml. Red Rock Canyon (LACM loc. 3458): 
LACM 4266, right ramal fragment with ml— 
m2. Red Rock Canyon (LACM loc. 4790): 
LACM 143521, right ramus with roots il- 
i3, cl, pi—p3 roots, p4, and ml—m3 roots. 
Red Rock Canyon (LACM loc. 4696): 
LACM 143522, edentulous right ramal frag¬ 
ment. Ricardo Amphitheater (LACM loc. 
5713): LACM 59813, partial skull with II- 
P2, P3 alveolus, and P4 broken-M2. 

Love Bone Bed (late Clarendonian), Ala¬ 
chua Formation, Alachua County, Florida: 
UF 24483, left ramus with cl, pi alveolus, 
p2-ml, and m2-m3 alveoli; UF 24484, left 
ramal fragment with p4—ml and m2 alveo¬ 
lus; UF 24485, left ramal fragment with ml— 
m2; UF 24486, left ramal fragment with p3- 
p4; UF 24487, left ramus with p4-ml; UF 
24489, left ramus with p2-ml; UF 24496, 
right ramus with pi alveolus, p2—m2, and m3 
alveolus; UF 24497, right ramus with pi al¬ 
veolus, p2—ml, and m2—m3 alveolus; UF 
24498, right ramus with ml—m2 (both bro¬ 
ken) and m3 alveolus; UF 24499, right ramus 
with il—pi alveoli and p2—ml (p4 broken); 
UF 24500, right ramus with ml and m2 al¬ 
veolus; UF 24501, right ramus with cl—p2 
alveoli and p3—ml; UF 24502, right ramus 
with p2-ml; UF 24503, right ramus with 
ml-m2; UF 24507, right ramus with p4-ml 
(both broken); UF 24524, right P4 (Baskin, 
1980: fig. IB); UF 24525," right P4; UF 
24526, left P4; UF 24527, right P4; UF 
24528, right P4; UF 24529, partial left P4; 
UF 24530, partial right P4; UF 24531, left 
P4; UF 24532, partial"left P4; UF 24533, par¬ 
tial right P4; UF 24534, partial right P4; UF 
24535, partial right P4; UF 24536, partial left 
P4; UF 24537, right maxillary fragment with 


P4 and Ml alveolus; UF 24538, left maxil¬ 
lary with P4 and M1-M2 alveoli; UF 24539, 
right maxillary with P4 and Ml alveolus; UF 
24541, right Ml; UF 24543, left Ml; UF 
24544, left Ml; UF 24546, left Ml; UF 
24547, partial left Ml; UF 24549, partial left 
Ml; UF 24550, partial left Ml; UF 24551, 
left ml; UF 24552, partial left Ml; UF 
24553, left maxillary fragment with Ml bro¬ 
ken; UF 24554, right maxillary fragment 
with Ml, and P4 and M2 alveoli; UF 24555, 
left maxillary with Ml and M2 alveolus; UF 
24556, left maxillary with P4 alveolus and 
Ml; UF 24558, right ramal fragment with 
ml; UF 24560, right ml; UF 24561, right 
ml; UF 24562, left ml; UF 24563, left ml; 
UF 24564, right ml; UF 24565, right ml; 
UF 24566, rostrum with 11-12 alveoli, 13- 
Cl, P1-P3 alveoli, and P4-M2; UF 24567, 
skull fragments with P2-P3 alveoli, P4-M1, 
and M2 alveolus; UF 24568 and 24569, right 
maxillary fragment with P4-M1; UF 24571, 
left ramus with pi alveolus and p2—m2; UF 
24572, right ramus with pi—p4 alveoli, ml, 
and m2-m3 alveoli; UF 24573, left ramus 
with p4 alveolus, ml, and m2 alveolus; UF 
24578, left maxillary with P4 alveolus and 
Ml broken; UF 24580, skull fragments with 
P2-M2; UF 25826, left ramus with cl-p3 
alveoli and p4—ml; UF 25827, right ramus 
with p2—p3 alveoli, p4— m2, and m3 alveolus; 
UF 25828, right ramus with p2-p3 alveoli, 
p4-ml, and m2-m3 alveoli; UF 25829, right 
ramus with cl—p2 alveoli and p3—ml; UF 
25830, left ramus with cl—pi alveoli, p2, p3 
alveolus, p4—ml, and m2 alveolus; UF 
25832, left ml; UF 25912, right p4; UF 
25914, left p4; UF 25915, left p4-" UF 25918, 
right p4; UF 25919, right p4; UF 25920, 
right p4; UF 33301, right half skull with II- 
13 alveoli. Cl, PI alveolus, and P2-M1; UF 
37160, left P4; UF 37161, right P4; UF 

37162, right P4; UF 37165, right Ml; UF 

37167, left Ml; UF 37168, right Ml; UF 

37169, partial left P4; UF 37170, trigonid of 

right ml; UF 37172, right p4; UF 37"l73, tri¬ 
gonid of left ml; UF 37174, left p4; UF 
37177, partial left P4; UF 37178, right ml; 
UF 37179, right ml; UF 37182, right"p3; UF 
37185, right "Ml; UF 37186, right Ml; UF 
37187, left M2; UF 37188, right M2; UF 
37189, right M2; UF 37190, left Ml; UF 
37191, partial left Ml; UF 37192, left p4; 
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UF 37193, right m2; UF 37194, right M2; 
UF 37195, left m2; UF 37198, left M2; UF 
37199, left P3; UF 37200, left p2; UF 37201, 
left m2; UF 37203, left m2; UF 37204, left 
m2; UF 37206, left P2; UF 37208, left m2; 
UF 37209, left m2; UF 37210, left M2; UF 
37211, right p3; UF 37213, left P3; UF 
37214, right Ml; UF 37216, partial right ml; 
UF 37218, left M2; UF 37221, left p4; UF 
37222, right m2; UF 37225, right p3; UF 
37226, left m2; UF 37227, partial right P4; 
UF 37228, left M2; UF 37229, left M2; UF 
37230, left m2; UF 37231, right m2; UF 

37232, left p3; UF 37233, left m3; UF 

37235, left p2; UF 37236, left m3; UF 

37238, right m3; UF 37239, right p4; UF 

37240, right m3; UF 37241, trigonid of right 
ml; UF 37242, partial left ml; UF 37243, 
right P4; UF 37244, right ramal fragment 
with p4; UF 37245, trigonid of left ml; UF 
37247, partial right ml; UF 37248, left P3; 
UF 37249, left ramus with ml-m2 and m3 
alveolus; UF 37250, left ramus with cl-pl 
alveoli, p2—ml, and m2—m3 alveoli; UF 
37253, right ramus with p2-p3 (both broken) 
and p4—ml; UF 37254, right ramus with cl- 
pl alveoli, p2—p4, and ml alveolus; UF 
37255, left ramus with p4—m2; UF 37256, 
immature right ramal fragment with cl and 
p3 erupting; UF 37257, right ramus with p2— 
p3 alveoli, p4, and ml alveolus; UF 37259, 
left ramus with cl—p3 alveoli, p4, and ml— 
m2 alveoli; UF 37262, right ramus with p3- 
ml; UF 37263, right ramus with p2-p4; UF 
37264, left ramal fragment with ml broken 
and m2—m3 alveoli; UF 37265, right ramus 
with cl, pi alveolus, p2—m2, and m3 alve¬ 
olus; UF 37266, right ramus with cl, pi al¬ 
veolus, p2-m2, and m3 alveolus; UF 37267, 
left ramal fragment with cl—p2 alveoli and 
p3-p4; UF 37269, left ramus with p4-m2 
and m3 alveolus; UF 37271, left ramus with 
cl—p3 alveoli, p4—ml, and m2—m3 alveoli; 
UF 37272, right ramus with cl-pl alveoli, 
p2—m2 (ml broken), and m3 alveolus; UF 
37273, left ramus with cl—pi alveoli, p2, p3 
alveolus, p4—ml, and m2 alveolus; UF 
37274, right ramus with cl—pi alveoli, p2— 
p4, and ml alveolus; UF 37276, left maxil¬ 
lary fragment with P4, and Ml—M2 alveoli; 
UF 37277, left maxillary with P4-M1 and 
M2 alveolus; UF 37280, left maxillary frag¬ 
ment with M1-M2; UF 37281, right maxil¬ 


lary with P1-P4 alveoli and Ml; UF 37282, 
right ramus with p3—m2 and m3 alveolus; 
UF 37283, rostrum with 11-13 alveoli, Cl, 
PI alveolus, P2, P3 alveolus, and P4-M2; 
UF 37285, trigonid of left ml; UF 37286, 
left ml; UF 37288, right ml; UF 37289, tri¬ 
gonid of left ml; UF 37290, trigonid of left 
ml; UF 37291, trigonid of right ml; UF 
37292, trigonid of left ml; UF 41990, left 
p4; UF 4f991, left p4; UF 41992, left m2; 
UF 41993, right M2; UF 41994, right m2; 
UF 41995, left m2; UF 41996, right ramal 
fragment with m2 and m3 alveolus; UF 
41997, trigonid of right ml; UF 41998, tri¬ 
gonid of right ml; UF 41999, trigonid of 
right ml; UF 43076, partial left ml; UF 
43077, trigonid of right ml; UF 43078, tri¬ 
gonid of right ml; UF 43079, trigonid of left 
ml; UF 43080, trigonid of right ml; UF 
43081, partial left ml; UF 43082, talonid of 
left ml; UF 43083, trigonid of left ml; UF 
124501, right Ml; UF 124502, left ml; and 
UF 124503, right ramus with ml broken and 
m2—m3 alveoli. 

Aphelops Draw Fauna, Johnson Member, 
Snake Creek Formation (early Hemphillian), 
Sioux County, Nebraska: Aphelops Quarry 
(Quarry 1): AMNH 17581, right partial max¬ 
illary with P4 and Ml broken (referred to 
Aelurodon validus by Skinner et al., 1977: 
356); AMNH 20061A, left ramal fragment 
with p2—p3, and other teeth fragments; and 
AMNH 108511, right isolated broken P4. 
Merychippus Draw, Hipparion Affine Chan¬ 
nel: F:AM 61392, right partial ramus with 
ml-m2 and m3 alveolus; and F:AM 61394, 
right ramal fragment with ml and m2 bro¬ 
ken. Aphelops Draw, Hipparion Affine 
Channel: F:AM 61396, right ramal fragment 
with cl-p2 alveoli and p3; F:AM 61399, left 
isolated p4; F:AM 108507, right ramal frag¬ 
ment with p4—ml both broken; and F:AM 
108508, left ramal fragment with ml. Aphel¬ 
ops Draw, upper sand channel: F:AM 61397, 
right isolated ml; and F:AM 61401, left iso¬ 
lated P4. “The Pits” south of Pliohippus 
Draw: AMNH 20483, right ramus fragment 
with p4 and ml-m2 alveoli; AMNH 
21140A, right ramal fragment with ml; 
AMNH 108512, left isolated P4; and AMNH 
108513, left isolated Ml. “Western fossilif- 
erous exposures, 17 mi south and 1.5 mi east 
of Agate“: AMNH 81519 (HC 659), broken 
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left ml. Sand channel. West Draw: F:AM 
61639, left partial maxillary with P3-M2 
(Ml broken); 

Turtle-Carnivore Quarry (UNSM loc. Ft- 
48), Ogallala Group (late early Hemphillian), 
Frontier County, Nebraska: UNSM 2688, left 
ramus with cl—m3 (m2 alveolus). 

Port of Entry Pit (Arnett Locality), Ogal¬ 
lala Group (early Hemphillian), Ellis County, 
Oklahoma: F:AM 61420, partial skull with 
11-C1 alveoli and P1-M2 (fig. 107); F:AM 
61421, partial skull with II alveolus-M2 (all 
badly worn); F:AM 61422, right and left par¬ 
tial maxillae with I3-M1 (PI and M2 alve¬ 
oli); F:AM 61423, left isolated P4; F:AM 
61424, left maxillary with 11-12 alveoli and 
I3-M2; F:AM 61425, right partial maxillary 
with P4-M1 and M2 broken; F:AM 61426, 
right partial maxillary with P2 alveolus—P4 
and Ml alveolus; F:AM 61427, left partial 
maxillary with P4-M2; F:AM 61428, right 
maxillary with 11-12 alveoli and I3-M2 (PI 
alveolus and P2-P3 both broken); F:AM 
61429, left partial maxillary with P2-M1 (P3 
alveolus); F:AM 61430, left maxillary frag¬ 
ment with PI alveolus-P3; F:AM 61431, 
right and left immature maxillae with dP3— 
dP4 and Cl, P3, P4, and Ml unerupted; F: 
AM 61432, right, and left rami with i 1—i3 
alveoli, and cl—m2 (pi and m3 alveoli) (fig. 
108C, D); F:AM 61433, right ramus with cl 
alveolus—p4 (pi broken), ml broken, and 
m2-m3 alveoli; F:AM 61434, right ramus 
with i2—m2 (p3—p4 broken) and m3 alveolus; 
F:AM 61435, left ramus with i3 root, cl-ml 
(pi and p4 broken), and m2—m3 alveoli; F: 
AM 61436, right ramus with pi broken—m2 
and m3 alveolus; F:AM 61438, right partial 
ramus with ml and m2—m3 alveoli; F:AM 
61439, right ramus with cl—p2 alveoli, p3— 
m2, and m3 alveolus; F:AM 61440, left par¬ 
tial ramus with pi root and p2 broken—ml; 
F:AM 61441, left partial ramus with pl-p4 
and ml—m3 alveoli; and F:AM 61515, right 
partial maxillary with P3—M2. 

Bridge Creek, Box T Ranch, north of Hig¬ 
gins, Hemphill Beds, Ogallala Group (early 
Hemphillian), Lipscomb County, Texas: F: 
AM 61566, left ramus with cl and pi alve- 
olus-m3; F:AM 61567 and 61568 (one in¬ 
dividual), right and left rami with il—cl, pi 
alveolus, p2—m2, and m3 alveolus; F:AM 
61569, left ramus with i 1—i3, cl broken, pi 


alveolus—m2 (ml broken), and m3 alveolus; 
F:AM 61570, left ramus with cl broken-p3, 
p4—ml both broken, and m2—m3 alveoli; F: 
AM 61571, right ramus with i 1—i3 alveoli, 
cl, pi alveolus—m2, and m3 alveolus; F:AM 
61573, right ramus with cl broken—ml and 
m2—m3 alveoli; F:AM 61574, right ramus 
with cl—pi alveoli, p2—m2, and m3 alveolus 
(fig. 108E, F); F:AM 61575, right partial ra¬ 
mus with cl—p3, p4 root, and ml—m3 alve¬ 
oli; F:AM 61578, right maxillary fragment 
with Ml—M2; F:AM 67707, left distal end 
humerus; F:AM 67709A right radius and 
right proximal end of radius; F:AM 67709B, 
left proximal part of ulna; F:AM 67710, left 
femur; F:AM 67710A, right proximal part 
femur; and F:AM 67711 A, right and left tib¬ 
iae. 

V. V. Parker Place, Pit 1, 10 mi northeast 
of Higgins, Ogallala Group (early Hemphil¬ 
lian), Lipscomb County, Texas: F:AM 
61576, left partial ramus with p2—p3 alveoli, 
p4-ml, and m2 alveolus; and F:AM 61577, 
left partial ramus with p4 and ml broken. 

North Pit, Ogallala Group (early hemphil¬ 
lian), Ellis County, Oklahoma: F:AM 61572, 
right ramus with cl—ml (p2 alveolus) and 
m2—m3 alveoli. 

McGehee Farm Locality (early Hemphil¬ 
lian), 5 mi north of Newberry, Alachua 
County, Florida: UF 12304, right ramus with 
p2—p3 alveoli, and p4—m2 (p4— ml all bro¬ 
ken); UF 12305, broken right P4; UF 12306, 
broken left Ml; UF 12312, right ml; UF 
16163, broken left P3; UF 57530, left ramal 
fragment with m2 and m3 alveolus; and UF 
57531, broken right Ml. 

Thousand Creek Fauna, Thousand Creek 
Formation (early Hemphillian), Humboldt 
County, Nevada: F:AM 61636, right ramal 
fragment with p2—m2 all broken and m3; and 
F:AM 67360, left ramal fragment with p4 
broken and ml alveolus, and detached teeth 
including cl, ml broken, and m2—m3. 

South of the Coso Mountains, LACM-CIT 
loc. 4102 (Clarendonian or Hemphillian; no 
detailed locality information available; this 
specimen is unlikely to be from the Blancan 
Coso Formation), Inyo County, California: 
LACM-CIT 5128, right ramal fragment with 
p3-p4. 

Distribution: Late Barstovian or early 
Clarendonian of New Mexico; early Claren- 
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donian of Nebraska, South Dakota, New 
Mexico, Nevada, and Texas; late Clarendon- 
ian of Nebraska, Nevada, California, and 
Florida; Clarendonian of Oregon; early Hem- 
phillian of Nebraska, Oklahoma, Texas, Ne¬ 
vada, and Florida; early and ?late Clarendon¬ 
ian and Clarendonian or Hemphillian of Cal¬ 
ifornia. 

Emended Diagnosis: Epicyon saevus 
shares with E. haydeni a concave dorsal edge 
of sagittal crest not present in E. aelurodon- 
toides. Furthermore, it lacks the autapomor- 
phies of E. aelurodontoides: enlarged fossa 
at entrance of hypoglossal canal, enlarge 
ventral facet of mastoid process, narrowed 
talon of Ml, and reduced M2. Primitive char¬ 
acters that distinguish E. saevus from E. hay¬ 
deni are smaller size; shorter auditory mea¬ 
tus; mandibular ramus less robust with hor¬ 
izontal ramus narrower anteriorly; less re¬ 
duced P4 protocone; M2 metacone larger; 
more distinct anterior accessory cusp on p4; 
ml with metaconid larger, trigonid shorter, 
and talonid longer; and m2 metaconid usu¬ 
ally larger relative to protoconid. 

Description and Comparison: The large 
series of specimens of Epicyon saevus from 
many late Tertiary localities permits a far 
better appreciation of its temporal and geo¬ 
graphic variation than had been possible in 
previous studies. Its long geological range 
and increasing size through time is the cause 
of large variation among dental measure¬ 
ments (appendix 111), as is also the case for 
E. haydeni (see further discussion under E. 
haydeni about the E. saevus—haydeni species 
pair). 

Cranially, Epicyon saevus is in the initial 
stage (as compared to Borophagus ) of de¬ 
velopment of a vaulted forehead through dor¬ 
sal inflation of the frontal sinus, although lat¬ 
er individuals (e.g., F:AM 61420 from the 
Port of Entry Pit, fig. 107) can have a sig¬ 
nificantly more domed forehead than individ¬ 
uals from the Ash Hollow Formation and 
equivalent beds. Associated with the domed 
forehead is an enlarged postorbital process of 
the frontal. Other than the inflated frontal si¬ 
nus, the skull proportions remain rather prim¬ 
itive, especially for the Clarendonian individ¬ 
uals. Individuals of this age tend to have nar¬ 
rower palates and rather pointed premaxil¬ 
lary tips, in contrast to the heavily built 


rostrum in Aelurodon and Borophagus. 
Those from early Hemphillian strata (e.g., F: 
AM 61420), however, have independently 
broadened the palate, as have many individ¬ 
uals of E. haydeni. As in Aelurodon, the par- 
occipital process is elongated and has a long 
free tip extending beyond the bulla. In rela¬ 
tive cranial proportions, E. saevus closely 
follows the pattern of E. haydeni with the 
exception of a relatively less elongated tem¬ 
poral fossa and a shallower zygomatic pro¬ 
cess of the jugal (fig. 99). 

Dentally, Epicyon saevus shows reduction 
and eventual loss of the lateral accessory 
cusplets on 13, a trend opposite in direction 
from Aelurodon, which tends to further 
strengthen these cusplets. E. saevus also 
shows the initial stages of premolar reduc¬ 
tion—not only does it have smaller PI—P3 
and pi—p3 relative to P4 and p4, but these 
teeth are low-crowned and there is a vertical 
offset between the basal cingula of P3 and 
P4 in lateral view, in which the tip of P3 lies 
dorsal to that of P4, leaving a gap between 
the upper and lower anterior premolars when 
the mouth is closed (e.g., fig. 107, F:AM 
61420). There is much variation in premolar 
reduction, especially noticeable among indi¬ 
viduals from the Box T Ranch of Texas (fig. 
108E, F). Certain of these specimens (e.g., F: 
AM 61571, 61574) have premolars that are 
almost in the stage of reduction as in Boro¬ 
phagus. These premolar reductions are clear¬ 
ly independent from those in the Borophagus 
clade, as the Box T individuals have other¬ 
wise typical Epicyon dental morphology and 
unshortened lower jaws. 

As noted by Baskin (1980), a ridge from 
the protocone of P4 is directed labially to¬ 
ward the parastyle instead of toward the tip 
of the paracone, as is primitively the case in 
Aelurodon. Although we note some variation 
of this feature (see also discussion under Ae¬ 
lurodon asthenostylus), Baskin’s character¬ 
ization of the differences between Aelurodon 
and Epicyon is still valid. This derived con¬ 
dition is fully established in E. saevus. 

Discussion: The dental morphology of the 
holotype of Epicyon saevus is limited to two 
worn teeth in the ramus and broken roots and 
alveoli of the rest (fig. 102E, F). This defi¬ 
ciency in knowledge was remedied, soon af¬ 
ter Leidy’s initial announcement of this spe- 
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River beds (early Clarendonian), Hitchcock County, Nebraska. 
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Fig. 104. Epicyon saevus. A, Lower teeth and B, ramus, UCMP 32328 (holotype of Aelurodon inflatus). 
Big Spring Canyon, Ogallala Group (early Clarendonian), Bennett County. South Dakota. C, Lateral, D, 
enlarged occlusal, E, ventral, and F, dorsal views of skull and upper teeth (12-13 and Cl reversed from right 
side), F:AM 70767, Whitcfish Creek. Quarry 7, Clarendon beds (early Clarendonian), Donley County, Texas. 
The shorter (upper) scale is for B. C, E, and F, and the longer (lower) scale is for the rest. 






248 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


NO. 243 



Fig. 105. Epicyon saevus. A, Lateral, B, enlarged occlusal, C, ventral, and D, dorsal views of skull 
and upper teeth, F:AM 67331, Mensinger Quarry, Merritt Dam Member. Ash Hollow Formation (late 
Clarendonian), Cherry County, Nebraska. F, Upper teeth and G, lateral view of partial skull, F:AM 
25140, Quinn Ranch Quarry, Cap Rock Member, Ash Hollow Formation (early Clarendonian), Cherry 
County, Nebraska. The shorter (upper) scale is for A, C, D. and G, and the longer (lower) scale is for 
B and F. 
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Fig. 106. Epicyon saevus. A, Lower teeth and B, ramus, F:AM 61382, Wade Quarry, Merritt Dam 
Member, Ash Hollow Formation (late Clarendonian), Cherry County, Nebraska. C, Lateral, D, enlarged 
occlusal, E, ventral, and F. dorsal views of skull and upper teeth, F:AM 61381, West Line Kat Quarry 
Channel, Merritt Dam Member, Ash Hollow Formation (late Clarendonian), Cherry County, Nebraska. 
The longer (upper) scale is for A and D, and the shorter (lower) scale is for the rest. 



250 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 243 



Fig. 107. Epicyon saevus. A, Lateral, B. ventral and C, dorsal views of skull (zygomatic arch and 
glenoid fossa reversed from right side), F:AM 61420, Port of Entry Pit, Ogallala Group (early Hem- 
phillian), Ellis County, Oklahoma. 

cies, by a complete skull and mandible with complete individual of the species, and it be- 

substantial part of associated skeleton came the main material basis for the so- 

(AMNH 8305) from the Republican River called saevus species group of McGrew 

(Cope, 1883, 1890; Cope and Matthew, (1944b) that was later referred to Epicyon 

1915). This latter specimen is still the most (Baskin, 1980; Munthe, 1989). Recently, 
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Voorhies (1990a: A128) commented that 
AMNH 8305 is closely comparable to Ae- 
lurodon wheelerianus ( A.ferox of this study) 
from the Norden Bridge Quarry. Voorhies’ 
suggestion, however, appears to be based 
mainly on Cope and Matthew’s (1915) fig¬ 
ures, whereas our examination of AMNH 
8305 clearly shows that it is an Epicyon (see 
Baskin [1980] for a recent summary of the 
complex history of this group). 

When it first appears in the Clarendonian 
of the Great Plains, Epicyon saevus does not 
have an immediate predecessor there. In¬ 
stead, its predecessor, Protepicyon raki , is 
from the late Barstovian of California and 
New Mexico. This is similar to the case of 
Aelurodon, whose oldest species is the early 
Barstovian A. asthenostylus of the Barstow 
Formation and Tonopah Local Fauna of Ne¬ 
vada. Such a western origin of large, hyen¬ 
alike forms is also repeated in the Boropha- 
gus lineage, whose first member is Boropha- 
gus littoralis from coastal California. 

Munthe’s (1989) recent study of skeletal 
materials of Epicyon saevus suggests that it 
(and also her E. haydeni, which is in the 
same size range as the present saevus and is 
markedly smaller than individuals she re¬ 
ferred to E. validus, here referred to E. hay- 
deni) has relatively slender limbs and prob¬ 
ably was cursorially adapted, preferring more 
open habitat (see also fig. 144). The robust 
dental construction of E. saevus was suitable 
for powerful bone crushing, indicating a life¬ 
style of active predation and scavenging. 

Epicyon haydeni Leidy, 1858 
Figures 108G-J, 109-113 

Canis ( Epicyon ) haydeni Leidy, 1858: 21. 

Canis haydeni Leidy, 1869: 30, pi. 1, fig. 10. 
Aelurodon haydeni (Leidy): Scott, 1890: 66, tig. 
2B. Matthew, 1899: 67. Matthew and Gidley, 
1904: 250 (in part). VanderHoof and Gregory, 
1940: 146. figs. 3, 5c, 6c. McGrew, 1944b: 82. 
Becker, 1980: 34. 

Aelurodon haydeni validus Matthew and Cook, 
1909: 371, fig. 2. 

Tephrocyon mortifer Cook, 1914: 49, pis. 1-3. 
Aelurodon ? aphobus Merriam, 1919: 535, fig. 
144a, b. 

Aelurodon ? possibly aphobus Merriam, 1919: 
537, fig. 145. 

Tomarctus mortifer (Cook): Matthew, 1924: 65. 
Cook, 1930: 50. 


Aelurodon haydenianus validus (Matthew and 
Cook): Matthew, 1924: 100. 

Aelurodon aphobus (Merriam): Stock, 1928: 41, 
pi. 1. fig. A. VanderHoof and Gregory, 1940: 
152. 

lOsteoborus validus (Matthew and Cook): Stirton 
and VanderHoof. 1933: 179. 

Osteoborus validus (Matthew and Cook): John¬ 
ston, 1939b: 526, figs. 1-7. Hesse, 1940: 675, 
fig. 105. VanderHoof and Gregory, 1940: 158. 
Kitts, 1957: 7. Webb, 1969b: 302, fig. 7A-D. 
Osteoborus ricardoensis Stirton and VanderHoof, 
1933: 178. 

Aelurodon mortifer (Cook): McGrew, 1944b: 79. 

Skinner et. al„ 1977: 352. 

Aelurodon cf. A. mortifer (Cook): Kitts, 1957: 10, 
pi. 1, figs. 1, 2, 5, 6. Kitts, 1964: 76, fig. 1. 
Aelurodon validus (Matthew and Cook): Skinner 
et al., 1977: 356 (in part). 

Epicyon haydeni (Leidy): Baskin. 1980: 1350. 

Leite, 1990: 7. Munthe, 1998: 136. 

Aelurodon cf. A. haydeni (Leidy): Webb et al., 
1981: 524. 

Epicyon validus (Matthew and Cook): Munthe, 
1989: 14, figs. 5C, 6F, 7F, 9F. 11G, 15F, 17G. 
Munthe, 1998: 137. 

Epicyon cf. E. validus (Matthew and Cook): Leite, 
1990: 15, fig, 9C, D. 

Holotype: USNM 127 (AMNH cast 
97244), right partial ramus with p3—p4, ml 
broken, and m2—m3 alveoli (fig. 109G, H) 
from the “Valley of the Niobrara River” 
(Leidy, 1858: 21), possibly Merritt Dam 
Member, Ash Hollow Formation (late Clar¬ 
endonian), Nebraska. 

Referred Specimens: White Fish Creek, 
Clarendon beds (early Clarendonian), Donley 
County, Texas: F:AM 61558, articulated 
crushed skull with 13—M2 and mandible with 
i3—m3. Quarry 1. 

Merritt Dam Member, Ash Hollow For¬ 
mation (late Clarendonian), Brown and Cher¬ 
ry counties, Nebraska: Xmas Quarry: F:AM 
25149, immature maxillary fragment with 
dP3, detached premolar and incisor unerupt¬ 
ed, and left ramus with cl and p4— m2 all 
erupting; F:AM 25150, right ramus with cl 
broken-m3 (pi alveolus); F:AM 25151, right 
ramus with cl—p2 roots, p3, p4— m2 all bro¬ 
ken, and m3 alveolus; F:AM 25152, left im¬ 
mature ramus with dp3—dp4, cl—pi erupting, 
p4 unerupted, and ml—m2 erupting; F:AM 
25223, right ramus with i2—ml (pi and p3 
broken); F:AM 25224, left maxillary frag¬ 
ment with M1-M2; F:AM 25225, left isolat- 
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ed Ml; F:AM 61451, posterior part of skull; 
F:AM 61458, left ramus with p2-ml and 
m2-m3 alveoli; F:AM 67403, right humerus; 
F:AM 67403E, right distal part humerus; F: 
AM 67407A, right proximal part radius; F: 
AM 67407B, right proximal part radius; F: 
AM 67413A, right partial femur; F:AM 
67420A, left metacarpal 111 ; F:AM 67421, 
left metacarpal V; and F:AM 97734, left par¬ 
tial ramus with cl—p3 alveoli, p4, and ml 
broken. Kat Quarry Channels: F:AM 61444, 
right maxillary with Cl—PI alveoli and P2— 
M2; F:AM 61446, right maxillary with PI 
alveolus—P4, Ml broken, and M2 alveolus; 
F:AM 61447, left partial maxillary with P2, 
P3-P4 both broken, and Ml; F:AM 61448, 
left maxillary fragment with P4; F:AM 
61453, left ramus with i 1—i3 alveoli and cl— 
m2 (pi and p3 alveoli) (fig. 1081, J); F:AM 
61461, right and left rami with il— m2 and 
m3 alveolus (fig. 109A, B); F:AM 61462, 
right ramus with i 1—i3 alveoli, cl—ml (p2 al¬ 
veolus), and m2 broken; F:AM 61463, right 
partial ramus with p2 alveolus, p3 broken— 
m2, and m3 alveolus; F:AM 61464, left par¬ 
tial ramus with cl—pi alveoli, p2 broken—ml, 
and m2—m3 alveoli; F:AM 61465, right iso¬ 
lated ml; F:AM 61466, right partial ramus 
with p2—p3 alveoli, p4— ml, and m2—m3 al¬ 
veoli; F:AM 61468, left ramus with i 1—i3 al¬ 
veoli, cl broken, pi alveolus—ml (pi alve¬ 
olus), and m2-m3 alveoli; F:AM 61473, left 
ramus with cl—pi alveoli, p2—m2, and m3 
alveolus; F:AM 25138, right humerus; F:AM 
67403D, left distal part of humerus; F:AM 
67403F, left distal part of humerus; F:AM 
67404, left radius; F:AM 67405, right radius; 
F:AM 67407D, right proximal end of radius; 
F:AM 67408, right ulna; F:AM 67413, left 
femur; F:AM 67417, right tibia, proximal 
end broken; F:AM 67418A, left distal part of 
tibia; F:AM 67422A, B, two right metatar¬ 
sals 11 ; F:AM 67423B, left metatarsal 111 ; F: 
AM 67424, right metatarsal IV; F:AM 
67425, right metatarsal V; and F:AM 
67426A, left calcaneum. Leptarctus Quarry: 
F:AM 61388, right partial ramus with i 1—i3 
alveoli, cl broken—p4 (pi alveolus), ml bro¬ 
ken, and m2—m3 alveolus; F:AM 61443, par¬ 
tial skull with II alveolus, 12, 13 alveolus, 
and Cl—M2 (PI alveolus and P3 broken) (fig. 
109C, D); F:AM 61454, right partial ramus 
with pi—ml and m2 alveolus; F:AM 61455, 


right ramus with i3 alveolus—m2 (pi alveo¬ 
lus); F:AM 61456, right partial ramus with 
cl and p2 alveoli, p3—m2, and m3 alveolus; 
F:AM 61457, left partial ramus with p2-p3 
alveoli, p4— m2, and m3 alveolus; F:AM 
61459, left partial ramus with p4—ml and 
m2-m3 alveoli; F:AM 61460, left partial ra¬ 
mus with i 1—i3 alveoli, cl broken—ml, and 
m2-m3 alveoli; F:AM 61467, right partial 
ramus with il—i2 both broken, i3 alveolus, 
cl broken, and pi—m3 (p2—ml all broken); 
F:AM 61469, left partial ramus with cl—m2 
(pi, p3, and m3 alveoli); F:AM 61470, right 
partial ramus with ml-m2; F:AM 61471, left 
partial ramus with p4-ml; F:AM 61472, left 
partial ramus with cl broken—p4 (p3 alveo¬ 
lus) and ml broken; F:AM 67347, right im¬ 
mature partial ramus with dp3—dp4, cl, and 
p2-p3 unerupted; F:AM 67349, right im¬ 
mature partial ramus with dp4; F:AM 
67403A, left distal part of humerus; F:AM 
67403G, right distal part of humerus; F:AM 
67406, left radius; F:AM 67407, left radius; 
F:AM 67407C, left proximal radius; F:AM 
67407F, left distal radius; F:AM 67409, left 
ulna; F:AM 67410, left ulna; F:AM 67411, 
left incomplete ulna; F:AM 67411 A, left par¬ 
tial ulna; F:AM 6741 IB, right partial ulna; 
F:AM 67412, right femur; F:AM 67416, left 
tibia; F:AM 67421A, metacarpal V; F:AM 
67423A, metatarsal III; and F:AM 67426C, 
proximal phalanx. Hans Johnson Quarry: F: 
AM 25141, partial skull with 11-12 alveoli, 
I3-P3 all broken, and P4-M2; F:AM 67348, 
left immature ramus with dp4, cl, p2—p4 and 
m3 all erupting, and ml—m2 alveoli; F:AM 
67441, associated skeletal elements of two 
front limbs, including both distal parts of hu¬ 
meri, both radii and ulnae, scapho-lunar, un¬ 
ciform, left metacarpal I, both metacarpals 
II—IV, right metacarpal V, and phalanges, in¬ 
cluding all phalanges for right manus except 
those for metacarpal I; F:AM 67401, left hu¬ 
merus, radius, and ulna; F:AM 67403C, right 
partial humerus; F:AM 67411C, left partial 
ulna; F:AM 67418, right tibia; F:AM 67419, 
left metacarpal II; F:AM 67420, left meta¬ 
carpal III; F:AM 6742IB, left metacarpal V; 
F:AM 67422, left metatarsal II; F:AM 
67423, left metatarsal III; F:AM 67426, left 
calcaneum; and F:AM 67426B, medial pha¬ 
lanx. East Kat Creek Quarry: F:AM 61390, 
right isolated m2. Eggers Quarry: F:AM 
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70607, right partial ramus with cl—p3 alve¬ 
oli, p4, ml broken, and m2—m3 alveoli; and 
F:AM 70608, right ramus with cl, p2-ml, 
and m2—m3 alveoli. High channel at narrows 
of Snake River: F:AM 61449, both partial 
maxillae with 13—PI alveoli, P2, P3 broken, 
left ramal fragment with cl—pi alveoli, p2, 
and p3 broken, skull fragments, and broken 
teeth. Pratt Slide Quarry: F:AM 61452, right 
partial ramus with cl broken, pi alveolus, 
p2—p4 all broken, ml, and m2 alveolus. Pratt 
Quarry: F:AM 67414, left tibia. Pratt Place: 
F:AM 67403B, right distal end humerus. 
Wade Quarry: F:AM 61445, left maxillary 
fragment with P4 and Ml alveolus; and F: 
AM 61450, right broken P4. Jonas Wilson 
Quarry: F:AM 67415, left tibia. 

Ash Hollow Formation (late Clarendoni- 
an), Keith County, Nebraska: Lonergan 
Creek (UNSM loc. Kh-107) and North Shore 
(UNSM loc. Kh-106) localities, north shore 
of Lake McConaughy (Leite, 1990: 7): 
UNSM 50826, left ml; UNSM 94203, max¬ 
illary with P4-M2; UNSM 96239, right ra¬ 
mus with p3-m2; UNSM 96268, right ml; 
UNSM 1125-90, left maxillary fragment 
with P3-P4 all broken; UNSM 8084-90, left 
p4; UNSM 8093-90, right ramal fragment 
with pl-p2 alveoli, p3, and p4 roots; UNSM 

8126- 92, right ramus with ml-m2; UNSM 

8127- 92, right ramal fragment with i3—cl, pi 
alveolus, and p2; UNSM 8135-92, right p4; 
UNSM 9499-89, complete skull with I3-M2 
(PI and P3 broken); UNSM 9516-89, right 
broken ml; and UNSM 9500-89, right ramus 
with cl—m2 all broken. 

Turtle Canyon, upper sandstone layer. Ash 
Hollow Formation (late Clarendonian), Sher¬ 
idan County, Nebraska: F:AM 67402, right 
humerus. 

Driftwood Creek (Clarendonian), Hitch¬ 
cock County, Nebraska: AMNH 8313, left 
ramal fragment with ml—m3 alveoli; AMNH 
8320, two right proximal part ulnae; and 
AMNH 8468a, right distal part radius. 

Madison River, “Loup Fork” (late Clar¬ 
endonian), Montana: AMNH 9744, left par¬ 
tial ramus with pi— p4 and ml broken—m2. 

Ricardo Fauna, Dove Spring Formation 
(late Clarendonian), Mohave Desert, Kern 
County, California: Opal Canyon (LACM 
loc. 5537): LACM 127790 (AMNH cast 
117196), anterior partial skull with II—Ml 


(PI alveolus) and M2 alveolus. One-fourth 
mi south of North Last Chance Canyon 
(LACM-C1T loc. 1003): LACM-CIT 6 
(AMNH cast 132801) (referred to Aelurodon 
aphobus by Stock, 1928: 41, ph 1, fig- A; 
holotype of Osteoborus ricardoensis Stirton 
and VanderHoof, 1933: 178), right partial ra¬ 
mus with cl—m2 (pi alveolus). Red Rock 
Canyon (LACM loc. 1553): LACM 143519, 
left and right maxillae with P4-M2. Red 
Rock Canyon (LACM loc. 6041): LACM 
131855 (AMNH cast 129873), complete 
skull with entire dentition. Red Rock Canyon 
(LACM loc. 5428): LACM 138256, left ra¬ 
mus with cl—m2 all broken. Western El Paso 
Range: UCMP 21507, left partial maxillary 
with P3-P4 both broken and M1-M2 (ho¬ 
lotype of Aelurodon ? aphobus Merriam, 
1919: 535, fig. 144). Power Line Ranch 3 
(UCMP loc. V2769): UCMP 22470, left par¬ 
tial ramus with p4— m2 (referred to “Aelu¬ 
rodon'?, possibly aphobus ” by Merriam, 
1919: 537, fig. 145); and UCMP 22471, left 
ramal fragment with m2 broken. Dove 
Spring: F:AM 18100, left ramal fragment 
with cl—pi alveoli and p2—p4 (p2 and p4 
broken). 

Durham Local Fauna, Ogallala Group 
(?late Clarendonian or early Hemphillian), 
Roger Mills County, Oklahoma: OUSM 40- 
4-S50, right ramus with cl broken, pi-p2 
alveoli, and p3—m2 all broken (referred to 
Aelurodon cf. A. mortifer by Kitts, 1964: 76, 
fig. 1). 

Pojoaque Member, Tesuque or Chamita 
formations (Clarendonian), Santa Fe County, 
New Mexico: Spring west of San lldefonso: 
F:AM 27489, left maxillary with Cl broken 
and PI alveolus-M2 (P4-M1 broken). San 
lldefonso area: F:AM 67058, posterior part 
of skull and left partial ramus with p2—m2 
all broken. Half mi south of Battleship 
Mountain: F:AM 61419, immature partial 
skull with dP3-dP4 and P3-M2 erupting, left 
and right partial rami with dp4 broken and 
p3—m2 erupting, incomplete vertebral col¬ 
umn, humerus articulated with proximal ends 
of radius and ulna, and fragments. Santa Fe 
area: F:AM 27359A, right partial ramus with 
p4— m2 all broken and m3 alveolus. Ojo Cal- 
iente, under lava mesa: F:AM 21110, right 
ramal fragment with cl broken, pi alveolus, 
p2—p3, and p4 broken. No locality data: F: 
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AM 61555, right ramal fragment with cl and 
p2—p3 all broken. 

Milk Creek area. Milk Creek Formation 
(Clarendonian), Yavapai County, Arizona: 
Shields Ranch Quarry: F:AM 97151 A, left 
partial ramus with cl broken, pi alveolus— 
p3, and p4 broken; and F:AM 9715 IB, left 
radius. Milk Creek Quarry: F:AM 97148, left 
ramus with i2—i3, cl broken—p3, p4—ml both 
broken, and m2—m3 alveoli. Deep Springs 
Quarry: F:AM 97150, left isolated Ml. Man- 
zanita Quarry: F:AM 97149, left immature 
partial ramus with broken deciduous incisors, 
del, dp2 broken—dp4, cl unerupted, and ml 
erupting. 

President Wilson Springs, Jeddito Valley, 
Bidahochi Formation (Clarendonian), Navajo 
County, Arizona: F:AM 61559, right ramus 
with i 1—i3 alveoli, cl broken, pi alveolus, 
p2, p3—p4 alveoli, ml broken, and m2—m3 
alveoli; and F:AM 61560, left posterior part 
of ramus with m2—m3 alveoli. 

Love Bone Bed (late Clarendonian), Ala¬ 
chua Formation, Alachua County, Florida: 
UF 24542, left Ml; UF 24545, partial right 
Ml; UF 24548, right Ml; UF 24574, left ra¬ 
mal fragment with ml; UF 24575, right ra¬ 
mal fragment with p4— ml (both broken); UF 
24570, left ramus with cl—p3 alveoli and p4 
broken—ml; UF 24577, right maxillary with 
P4-M1 alveoli; UF 25921, right ramal frag¬ 
ment with p4; UF 25922, right p4; UF 
37163, left P4; UF 37164, right P4; UF 
37166, partial left ml; UF 37171, partial 
right ml; UF 37175, partial left ml; UF 
37181, left p3; UF 37183, left m2; UF 
37184, left p2; UF 37196, right M2; UF 
37197, left P3; UF 37205, left P3; UF 37212, 
right p2; UF 37215, right P3; UF 37217, left 
P3; UF 37219, left P3; UF 37220, left p2; 
UF 37223, right P3; UF 37224, right M2; UF 
37234, right P3; UF 37237, right P3; UF 
37268, left ramus with cl, pl-p2 alveoli, p3- 
m2, and m3 alveolus; UF 37270, right ramus 
with p3-m3; UF 37284, left ml; UF 37287, 
left ml; UF 37293, left P4; and UF 43084, 
partial right P4. 

Laucomer Member, Snake Creek Forma¬ 
tion (late Clarendonian), Sioux County, Ne¬ 
braska: Olcott Hill (see Skinner et. al., 1977: 
352): AMNH 81004 (HC 270) (holotype of 
Tephrocyon mortifer Cook, 1914: 49, pis. 1— 
3), left ramus with cl—m2 and m3 alveolus 


(fig. 110A, B); and AMNH 81099 (HC 452), 
right isolated ml; Quarry 7, Kilpatrick Pas¬ 
ture: AMNH 21443, left partial ramus with 
i 1—i3 alveoli, cl broken, pi—p3 alveoli, and 
p4-ml both broken; and AMNH 22378, 
right partial ramus with cl—p4 all broken. 
Surface of West Jenkins Quarry: F:AM 
61562, right ramal fragment with ml—m2 
and m3 alveolus (referred to Aelurodon mor¬ 
tifer by Skinner et al. [1977: 353], who con¬ 
sidered the specimen “likely reworked from 
deposits of a Snake Creek channel on the 
southwest side of Olcott Hill”). 

North Tejon Hills, Chanac Formation, 
Kern County (late Clarendonian), California: 
LACM 16581, nuchal fragment of skull. 

Aphelops Draw Fauna, Johnson Member, 
Snake Creek Formation (early Hemphillian), 
Sioux County, Nebraska: Twenty-three mi 
south of Agate: AMNH 14147 (holotype of 
Aelurodon haydeni validus Matthew and 
Cook, 1909: 371, fig. 2), left partial ramus 
with p3 root, p4— m2 (ml broken), and m3 
alveolus (fig. 110C, D). South of Pliohippus 
Draw: AMNH 20484, right ramal fragment 
with ml and m2 alveolus; and AMNH 
20484A, right isolated ml. “The Pits,” south 
of Pliohippus Draw: AMNH 21440, right ra¬ 
mal fragment with ml—m2 both broken. 
Pliohippus Draw, Snake Creek Quarry: 
AMNH 20485, right partial maxillary with 
12-13 alveoli. Cl broken, and P1-P3; AMNH 
20486, left ramal fragment with ml broken; 
AMNH 20486A, left ramal fragment with 
ml; and AMNH 20486B, left ramal fragment 
with ml. Snake Creek Quarry: AMNH 
20068, right ramal fragment with cl—pi al¬ 
veoli and p2—ml all broken, and other iso¬ 
lated canines and premolars; AMNH 
20068A, left ramal fragment with pi alveo¬ 
lus and p2-ml (p3-ml all broken); AMNH 
20482, left partial maxillary with P3-M1 and 
M2 alveolus; AMNH 20482A, right partial 
maxillary with P4—Ml and M2 broken; and 
AMNH 21523, two right maxillary frag¬ 
ments with broken P4s and Ml alveolus. 
Aphelops Quarry No. 1.: AMNH 17580, left 
partial maxillary with P4—Ml (referred to 
Aelurodon haydenianus validus by Matthew, 
1924: 100). 

Lemoyne Quarry (UNSM loc. Kh-101), 
Ash Hollow Formation (early Hemphillian), 
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Keith County, Nebraska: UNSM 62880, iso¬ 
lated right P4 (Leite, 1990: fig. 9C, D). 

Wray area, Ogallala Group (late early 
Hemphillian), Yuma County, Colorado: Lo¬ 
cality B-l, Beecher Island: F:AM 61501, 
skull with II alveolus—M2 (fig. 110E, F); F: 
AM 61501A, right ramus with cl broken— 
m2 (ml broken and m3 alveolus) (fig. 111A, 
B); F:AM 61501B, right distal end of hu¬ 
merus; and F:AM 61502, basicranial area 
and right and left maxillae with 13 alveolus— 
Ml. Locality C: F:AM 61503, skull with II- 
M2 represented by broken teeth or alveoli; 
F:AM 61504, right ramus with cl broken— 
m2 (pi alveolus) and m3 alveolus; F:AM 
61505, partial mandible with cl—m2 (p4 bro¬ 
ken and m3 alveolus); F:AM 61506, left par¬ 
tial ramus with p4-m2; F:AM 61507, right 
ramal fragment with p3—ml; F:AM 61508, 
one canine; F:AM 61509, one canine; and F: 
AM 61510, one canine. Localities B and C: 
F:AM 67825, left humerus; F:AM 67826, 
left humerus; F:AM 67826A, left distal end 
of humerus; F:AM 67827, partial left radius; 
F:AM 67827A, left distal end of radius; F: 
AM 67828, left crushed femur; F:AM 67829, 
right tibia; F:AM 67829A, right tibia; F:AM 
67829B, left tibia; F:AM 67830, right meta¬ 
carpal 111 ; DMNH 194 (F:AM cast 67830A), 
left metacarpal 111 ; F:AM 67830B, right 
metacarpal III; F:AM 67831, right metacar¬ 
pal IV; F:AM 67831A, left metacarpal IV; F: 
AM 67832, right metatarsal 11; F:AM 
67832A, right metatarsal II; DMNH A104 
(F:AM cast 67833), right metatarsal III; F: 
AM 67833A, left metatarsal III; F:AM 
67834A, right metatarsal IV; F:AM 67834B, 
left metatarsal IV and incomplete metatarsal 
V; F:AM 67835, right calcaneum; F:AM 
67835A, left calcaneum; F:AM 67835B, 
right calcaneum; F:AM 67835C, left calca¬ 
neum; F:AM 67835D, left calcaneum; 
DMNH 713 (F:AM cast 67835E), right cal¬ 
caneum; DMNH 713 (F:AM cast 67835G), 
left calcaneum; F:AM 67835H, right astrag¬ 
alus; F:AM 678351, left astragalus; F:AM 
67835J, right astragalus; and F:AM 67836A- 
N, proximal, medial, and distal phalanges. 

Jack Swayze Quarry, Ogallala Group (ear¬ 
ly Hemphillian), Clark County, Kansas: F: 
AM 61475, left premaxillary-maxillary with 
II alveolus-M2 (Cl and P3 alveoli) and both 
rami with i 1—i3 alveoli, cl—ml, and m2—m3 


alveoli; F:AM 61476, left premaxillary-max- 
illary with I1-M2 (P2 alveolus and Ml bro¬ 
ken); F:AM 61476A, two posterior parts of 
skulls; F:AM 61477, right and left partial 
maxillae with Cl alveolus, PI—Ml (P3 al¬ 
veolus), and skull fragments; F:AM 61478, 
right partial maxillary with P4—Ml alveolus; 
F:AM 61479, left premaxillary-maxillary 
fragment with 11—12 alveoli, 13—Cl both bro¬ 
ken, PI alveolus, and P2 broken; F:AM 
61480, right maxillary fragment with Ml— 
M2; F:AM 61481, left partial maxillary with 
P3 alveolus, P4-M1 both broken, and M2 
alveolus; F:AM 61482, left partial maxillary 
with PI alveolus, P2 broken, and P3 alveo- 
lus-M2; F:AM 61483, left partial maxillary 
with C1-P3 (PI alveolus) and P4 broken; F: 
AM 61484, left maxillary fragment with P2- 
P3; F:AM 61485, right maxillary fragment 
with M2; F:AM 61486, broken occiput and 
basicranial region; F:AM 61487, right pre¬ 
maxillary-maxillary fragment with II alveo¬ 
lus-13 and Cl alveolus; F:AM 61488, left 
premaxillary with II alveolus—13; F:AM 
61489 and 61489A, B, three detached ca¬ 
nines; F:AM 61490, left partial maxillary 
with P4-M2; F:AM 61493, right ramus with 
cl—pi alveoli, p2—p4, ml broken, and m2 al¬ 
veolus; F:AM 61494, right ramus with cl— 
ml and m2 alveolus; F:AM 61494A, left ra¬ 
mus with i 1—i3 alveoli, cl—ml (pi alveolus), 
and m2-m3 alveoli; F:AM 61495, mandible 
with il-m2 and m3 alveolus; F:AM 61496, 
left ramus with cl—ml and m2—m3 alveoli; 
F:AM 61498, left ramus with cl alveolus- 
mi and m2-m3 alveoli; F:AM 61499, right 
partial ramus with p3 alveolus, p4—ml, m2 
alveolus, and m3 erupting; F:AM 61500, 
right and left rami with il alveolus, i2 bro- 
ken-m2, and m3 alveolus; F:AM 67601, left 
humerus; F:AM 67602, left humerus; F:AM 
67603, right humerus (Munthe, 1989: figs. 
6F, 7F); F:AM 67604, left humerus; F:AM 
67605, right humerus with proximal end bro¬ 
ken; F:AM 67605A-C, three left distal part 
humeri; F:AM 67605D, left proximal end 
humerus; F:AM 67606, right radius; F:AM 
67607, right radius (Munthe, 1989: fig. 9F); 
F:AM 67608 and 67608A, B, one right and 
two left proximal ends of radii; F:AM 
67608C—G, one right and four left distal part 
radii; F:AM 67609, left ulna; F:AM 67610, 
left ulna; F:AM 67611 right ulna (Munthe, 
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1989: fig. 11G); F:AM 67612A-E, three 
right and three left proximal part ulnae; F: 
AM 67613, right femur (Munthe, 1989: fig. 
15F); F:AM 67613A, B, two distal part tib¬ 
iae; F:AM 67614, right tibia; F:AM 67615, 
right tibia; F:AM 67616, right and left tibiae 
(Munthe, 1989: fig. 17G); F:AM 67616A-C, 
right proximal end and one right and two left 
distal ends tibiae; F:AM 67617, left meta¬ 
carpal 1 (fig. 11 IE); 67618D, two right four 
right and one incomplete metacarpals 11 (fig. 
11 IF); F:AM 67619B, right partial metacar¬ 
pal 11 ; F:AM 67619A, one right and one left 
metacarpals 111 (fig. 111G); F:AM 67620B, 
one complete and two proximal part meta¬ 
carpals IV (fig. 111H); F:AM 67621A, two 
left metacarpals V (fig. 1111); F:AM 
67622A, one right and two left metatarsals I 
(fig. 112D); F:AM 67623A-C, two left and 
one left incomplete metatarsals II (fig. 112E); 
F:AM 67624A-C, one left and three right 
metatarsals Ill (fig. 112F); F:AM 67625, left 
metatarsal IV; F:AM 67625A, B, one right 
and one left metatarsal IV with distal end 
broken (fig. 112G); F:AM 67626, right meta¬ 
tarsal V (fig. 112H); F:AM 67626A, right 
metatarsal V (pathological); F:AM 67627, 
left calcaneum (fig. 112B); F:AM 67627A— 
C, two complete and one broken calcanea; F: 
AM 67628D, five astragali (fig. 112A); F: 
AM 67628E-G, cuboid (fig. 112C), scapho- 
lunar and unciform (fig. 111C, D); uncata¬ 
loged skeleton fragments, carpals, tarsals, 
and phalanges (fig. 111J—O, 1121—N); and F: 
AM 100083, left partial scapula (Munthe, 
1989: fig. 5C). 

Vicinity of Ashland, Ogallala Group (early 
Hemphillian), Clark County, Kansas: Rhino 
Quarry, Young Brothers Ranch: F:AM 
61491, left partial maxillary with P4 broken— 
M2; F:AM 61497, left ramus with p2 alve- 
olus-ml and m2-m3 alveoli; F:AM 67630, 
metacarpal IV; F:AM 67630A, metacarpal IV 
with proximal end broken; F:AM 67631, left 
metatarsal V. John Dakin Quarry: F:AM 
61492, right and left rami with i 1—i3 alveoli, 
cl—m2 (pi alveolus), and m3 alveolus. 

F. Sebastian Place, 1 mi southwest of Ob- 
erlin, Ogallala Group (early Hemphillian), 
Decatur County, Kansas: F:AM 61474, an¬ 
terior half of skull with 11-12, 13 broken-Ml 
(PI alveolus), and M2 alveolus, and right 
metacarpal II (fig. 113A—C). 


Vicinity of Hall Cope’s Ranch, 6 mi south¬ 
west of Norton, Ogallala Group (early Hem¬ 
phillian), Norton County, Kansas: F:AM 
30901, partial anterior half skull with I3-M2; 
F:AM 30901A, right ramal fragment with p3 
broken—ml and m2—m3 both broken; and F: 
AM 3090IB, partial atlas, left tibia, partial 
right hand, partial left calcaneum, and other 
fragments. 

Port of Entry Pit (Arnett Focality), Ogal¬ 
lala Group (early Hemphillian), Ellis County, 
Oklahoma: F:AM 61442, left ramal fragment 
with cl broken, pi alveolus, and p2—p3; F: 
AM 61511, right ramus with i 1—i3 alveoli 
and cl—m2 (pi and m3 alveoli); F:AM 
61512, left partial maxillary with P2-P3 al¬ 
veoli and P4-M2; F:AM 61513, left premax- 
illary-maxillary with 11—12 broken, 13, Cl 
broken-P3 (PI alveolus), and P4-M2 alve¬ 
oli; F:AM 61516, left partial maxillary with 
P4-M2 (Ml broken); F:AM 61518, left iso¬ 
lated P4; F:AM 61519, right partial maxil¬ 
lary with P4, Ml broken, and M2 alveolus; 
F:AM 61520, right partial maxillary with P3 
alveolus-Ml; F:AM 61521, right partial 
maxillary with P4-M1 both broken and M2; 
F:AM 61523, right maxillary fragment with 
P4-M1; F:AM 61523B, left partial maxillary 
with M1-M2; F:AM 61523C, right isolated 
Ml; F:AM 61524, right ramus with cl bro¬ 
ken, pl-m2, and m3 alveolus; F:AM 61525, 
right ramus with cl, p2—p3 roots, and p4— 
ml; F:AM 61526, right ramus with cl—m2 
(pl-p2 and m3 alveoli); F:AM 61527, left 
partial ramus with p3 alveolus, p4— m2 (ml 
broken), and m3 alveolus; F:AM 61528, left 
ramus with p2 alveolus, p3—m2, and m3 al¬ 
veolus; F:AM 61529, right ramal fragment 
with ml and m2-m3 alveoli; F:AM 61530, 
left partial ramus with cl—pi alveolus, p2— 
p4, ml broken, and m2—m3 alveoli; F:AM 
61531, right partial ramus with p3—m2 and 
m3 alveolus; F:AM 61532, right partial ra¬ 
mus with p4—ml and m2—m3 alveoli; F:AM 
61533, right ramus with i2 alveolus—m2 (pi 
alveolus) and m3 alveolus; F:AM 61534, left 
ramus with cl—m2 (pi alveolus) and m3 al¬ 
veolus; F:AM 61535, left partial ramus with 
p4—m2 and m3 alveolus (fig. 113D, E); F: 
AM 61538, left ramus with il alveolus—m2 
(pi alveolus, p2 broken, and p4 root) and m3 
alveolus; F:AM 61540, right ramus with cl, 
p2-m2, and m3 alveolus; F:AM 61541, right 
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ramus with il— i2 alveoli, i3—m2 (cl broken, 
pi alveolus, and p3—p4 broken), and m3 al¬ 
veolus; F:AM 61542, left ramus with cl—p2 
alveoli, p3, p4—ml both broken, and m2—m3 
alveoli; F:AM 61543, left partial ramus with 
cl—p3 alveoli and p4—ml broken; F:AM 
61544, left partial ramus with pi alveolus— 
ml (p4 broken); F:AM 61547, left partial ra¬ 
mus with pi alveolus—ml and m2—m3 alve¬ 
oli; F:AM 61551, right partial ramus with il— 
pi alveoli, p2 root—p3, and p4—ml both bro¬ 
ken; F:AM 61552, left partial ramus with i3, 
cl broken, pi alveolus, p2 broken—p4, and 
ml broken; F:AM 61553 and 61554 (?one 
individual), right and left rami with cl bro¬ 
ken, pi—p4, ml alveolus, m2 broken, and m3 
alveolus; F:AM 67391, anterior parts of pal¬ 
ate with 12—P3 and crushed posterior part of 
skull; OMNH 15174 (OUSM 40-1-S40), 
right maxillary with P3—M2 (referred to Ae- 
lurodon cf. A. mortifer by Kitts, 1957: 10, 
figs. 1, 2); OUSM 40-4-S26, left ramus with 
cl—ml (referred to Aelurodon cf. A. mortifer 
by Kitts, 1957: figs. 5, 6); and OUSM 40-4- 
S52, partial ramus with il—pi alveoli and 
p2—ml (referred to Osteoborus validus by 
Kitts, 1957: 7). 

Ogallala Group (early Hemphillian), Ellis 
County, Oklahoma: Schwab Place, 0.5 mi 
north of highway, state line, east of Higgins: 
F:AM 61522, left partial maxillary with P4- 
M2. Fritzler Place, southwest of Giger Pit: F: 
AM 61537, left partial ramus with i3-cl both 
broken and pi alveolus—ml (p4—ml both 
broken). Five mi east of Higgins: F:AM 
61545, left partial ramus with p3—ml broken. 

Ogallala Group (early Hemphillian), Lips¬ 
comb County, Texas: V. V. Parker Place, Pit 
1, 10 mi northeast of Higgins: F:AM 61517, 
left isolated P4; F:AM 61536, left ramus 
with pi alveolus—ml and m2—m3 alveoli; F: 
AM 61539, right partial ramus with cl—ml 
(pi alveolus and ml broken) and m2 alveo¬ 
lus; and F:AM 61549, left ramal fragment 
with p3 alveolus and p4. Parker Pit 2: F:AM 
61523A, left maxillary fragment with P4 
broken. V. V. Parker, Pit 4: F:AM 61514, left 
premaxillary-maxillary with 11—12 alveoli, 
I3-C1, PI root, P2, P3 alveolus, and P4-M1. 
Martin Sebit Ranch, 2 mi south of Higgins: 
F:AM 61523D, right premaxillary-maxillary 
with 11-13 alveoli. Cl, and P1-P3 alveoli; F: 
AM 61550, right partial ramus with cl—ml 


(p4—ml both broken); and WTSU 1100, 
skull with 13, P1-P2, and P4, and partial left 
and right rami with pi—ml (referred to Os¬ 
teoborus validus by Johnston, 1939b: 526, 
figs. 1—7). Bridge Creek, Box T Ranch, north 
of Higgins: F:AM 61546, right ramal frag¬ 
ment with ml broken and m2 alveolus; and 
F:AM 61548, left ramal fragment with cl, p2 
broken, and p3-p4. Higgins Loc. B (UCMP 
loc. V2825?): UCMP 30177, left ramal frag¬ 
ment with broken ml and m2—m3 alveoli; 
and UCMP 30178, partial left ml. 

Star Valley Quarry (early Hemphillian), 
unnamed beds in Banbury Basalt, Little 
Owyhee River, Owyhee County, Idaho (re¬ 
ferred to Aelurodon haydeni by Becker, 
1980: 34): IMNH 24542 (AMNH cast 
108172), left ramus with i 1—i3 alveoli, cl 
broken, pi— p4 broken, and ml—m2 alveoli; 
and IMNH 24632 (AMNH cast 108172), 
broken left ml, questionably associated with 
IMNH 24542. 

Prison Farm Gravel Pit, UMMP loc. 7403 
(?Hemphillian), Powell County, Montana: 
MPUM 5085 (UCMP cast 113724), left ra¬ 
mus with cl broken—m3 (pi alveolus). 

Rome Fauna, Rome beds (early Hemphil¬ 
lian), Dry Creek (LACM-CIT loc. 62), Mal¬ 
heur County, Oregon: LACM 6565, left 
maxillary with Cl—P3. 

Haile 19A Locality, Alachua Formation 
(early Hemphillian), Alachua County, Flori¬ 
da: UF 24201, anterior rostrum with II—PI 
alveoli and P2; UF 47312, right Cl; UF 
47351, right maxillary fragment with P4—Ml 
and M2 alveolus; UF 92000, partial skull 
with 11-12 alveoli, 13, Cl—PI alveoli, and 
P2-M2; UF 114675, left Cl; and UF 
117700, right ramal fragment with ml and 
m2—m3 alveoli. 

McGehee Farm Locality (early Hemphil¬ 
lian), 5 mi north of Newberry, Alachua 
County, Florida (list following Webb, 1969b: 
fig. 7A, D; all were referred to Osteoborus 
validus ): UF 12307, right cl; and UF 12308, 
partial right ramus with cl—ml alveoli. 

Mixson’s Bone Bed, Williston, Alachua 
Formation (early Hemphillian), Levy Coun¬ 
ty, Florida: F:AM 61556, right isolated p4 
(referred to Osteoborus validus by Webb, 
1969b: 302, fig. 7B, C); F:AM 61557, right 
premaxillary fragment with il—cl alveoli; 
and F:AM 67952, right metacarpal 111. 
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Palmetto Fauna (“Upper Bone Valley Fau¬ 
na” of Tedford et al., 1987), Bone Valley 
Formation (late Hemphillian), Hardee and 
Polk counties, Florida: CF Industries Mine: 
UF 130117, right Ml. District Grade Mine: 
UF 57301, left Ml. Fort Green Mine: UF 
60821, partial left ml; and UF 68040, partial 
right p4. Nichols Mine: UF 24009, left p4; 
and UF 24595, right p4. Phosphoria Mine: 
UF 40088, left cl. Silver City Mine: UF 
53826, left ramal fragment with p4— ml al¬ 
veoli. 

Distribution: Early Clarendonian of Tex¬ 
as; late Clarendonian of Nebraska, Montana, 
New Mexico, Oklahoma, California, and 
Florida; Clarendonian of New Mexico and 
Arizona; early Hemphillian of Nebraska, 
Kansas, Colorado, Oklahoma, Texas, Idaho, 
Oregon, and Florida; late Hemphillian of 
Florida; and ?Hemphillian of Montana. 

Emended Diagnosis: Derived features dis¬ 
tinguishing Epicyon haydeni from E. aelu- 
rodontoides and E. saevus are larger size; 
longer tube for external auditory meatus; 
mandibular ramus more robust, with horizon¬ 
tal ramus deeper anteriorly; P4 protocone 
more reduced; M2 metacone reduced; p4 
wider and its anterior accessory cusp more 
reduced or lost; ml metaconid smaller, tri- 
gonid more elongate, and talonid narrower 
and shorter relative to length of trigonid; and 
m2 metaconid usually smaller relative to pro- 
toconid. E. haydeni can be further distin¬ 
guished from E. aelurodontoides by the lack 
of a large fossa in hypoglossal canal, a gen¬ 
erally unenlarged mastoid process, and dor¬ 
sal edge of the sagittal crest concave. 

Description and Comparison: Large sam¬ 
ples of referred specimens available for this 
study permit rather complete knowledge 
about Epicyon haydeni both in dental and 
skeletal morphology and in temporal and 
geographic variation. As the largest canid 
ever evolved, E. haydeni reached the size of 
a grizzly bear. The large size and bone-crush¬ 
ing dental morphology make this species 
easy to recognize. For the most part, E. hay¬ 
deni is an enlarged version of E. saevus, and 
differences reflected in their ratio diagrams 
indicate the relatively more elongated tem¬ 
poral fossa and deepened jugal in E. haydeni 
(fig. 99). Coevolution of the saevus—haydeni 
species pair during the early Clarendonian 


through early Hemphillian (see Discussion 
below) toward an ever larger size, however, 
presents some problems in identification. 
Some late Clarendonian individuals of E. 
haydeni are nearly the same size as those of 
the early Hemphillian E. saevus, but individ¬ 
uals of these two species from the same quar¬ 
ry or stratigraphic interval commonly do not 
overlap in size (fig. 114). In addition to this 
size difference, E. haydeni is more derived 
than E. saevus in several dental proportions 
(fig. 100), with its relatively smaller PI—P3 
and pi—p3, larger and broader P4 and p4, and 
smaller M2 and m2. Qualitatively, E. hay¬ 
deni tends to have a more reduced anterior 
cingular cusp on p4 and slightly more hy- 
percarnivorous ml—m2 with more reduced 
metaconids. 

Discussion: Abundant fossils, large size 
variations, widespread geographic distribu¬ 
tion, and long geological history combine to 
provide a fertile ground for taxonomic con¬ 
troversies regarding Epicyon haydeni (see 
synonym list). Thus, Tephrocyon mortifer 
Cook, 1914 was named from the Snake 
Creek Fauna (Laucomer Member of Snake 
Creek Formation), Aelurodon haydeni vali- 
dus Matthew and Cook, 1909 from the 
Aphelops Draw Fauna (Johnson Member of 
Snake Creek Formation), and Aelurodon 
aphobus Merriam, 1919 and Osteoborus ri- 
cardoensis Stirton and VanderHoof, 1933 
from the Dove Spring Formation (formerly 
Ricardo Formation), as well as various com¬ 
binations of these names. VanderHoof and 
Gregory’s (1940) attempt to clarify this no- 
menclatural proliferation resulted in only one 
synonym for E. haydeni (T. mortifer). Our 
own analysis suggests that all of above taxa 
fall within the species lineage of E. haydeni, 
which increased its size throughout its exis¬ 
tence and was widespread over much of the 
North American continent. 

Baskin (1998) demonstrated a co-occur¬ 
rence of the Epicyon saevus—haydeni species 
pair in the late Clarendonian to early Hem¬ 
phillian and the parallel increase of body size 
throughout their coexistence, a conclusion in 
essential agreement with our own analysis 
(fig. 114). Besides the larger sample avail¬ 
able to us, our results differ from Baskin’s 
only in minor details. For example, AMNH 
81004 (holotype of E. mortifer ) was ques- 
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Fig. 109. Epicyon haydeni. A, Lower teeth and B, ramus, F:AM 61461, Kat Quarry Channels, 
Merritt Dam Member, Ash Hollow Formation (late Clarendonian), Cherry County, Nebraska. C, Upper 
teeth and D, lateral view of partial skull (nasal and frontal crushing restored), F:AM 61443, Leptcirctus 
Quarry. Merritt Dam Member. Ash Hollow Formation (late Clarendonian), Cherry County, Nebraska. 

tionably placed in E. saevus by Baskin, graphic context, AMNH 81004 is signifi- 
whereas we place it under E. haydeni mainly cantly larger than most of the referred spec- 
based on Skinner et al.’s (1977: 352) strati- imens of E. saevus from the same strata, and 
graphic determination that it was probably as suggested by VanderHoof and Gregory 
collected from the Laucomer Member of the (1940), we synonymized E. mortifer under E. 
Snake Creek Formation. Given such strati- haydeni. 
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Fig. 110. Epicyon haydeni. A, Lower teeth and B, ramus, AMNH 81004 (holotype of Tephrocyon mortifer ), Olcott Hill, Laucomer Member, 
Snake Creek Formation (late Clarendonian), Sioux County, Nebraska. C, Lower teeth and D, ramus, AMNH 14147 (holotype of Aelurodon 
haydeni validus), 23 mi south of Agate, Johnson Member, Snake Creek Formation (early Hemphillian), Sioux County, Nebraska. E, Lateral and 
F, ventral views of skull (combined from both sides), F:AM 61501, Beecher Island, Wray area, Ogallala Group (early Hemphillian), Yuma County, 
Colorado. 
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Fig. 111. Epicyon haydeni. A, Lower teeth and B, ramus, F:AM 61501A, Beecher Island, Wray 
area, Ogallala Group (late early Hemphillian), Yuma County, Colorado. C, Scapho-lunar, F:AM 67628F. 
D. Unciform, F:AM 67628G. E, Metacarpal I (reversed from right side), F:AM 67617. F, Metacarpal 
II, F:AM 67618D. G, Metacarpal III, F:AM 67619A. H, Metacarpal IV, F:AM 67620B. I, Metacarpal 
V, F:AM 67621A. J O, Proximal and medial phalanges, uncataloged; C-O from Jack Swayze Quarry, 
Ogallala Group (early Hemphillian), Clark County, Kansas. 
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Fig. 1 12. Epicyon haydeni. A, Astragalus, F: 
AM 67628D. B, Calcaneum, F:AM 67627. C, Cu¬ 
boid, F:AM 67628E. D, Metatarsal I, RAM 
67622A. E, Metatarsal II, F:AM 67623A. F, 
Metatarsal III. F:AM 67624. G, Metatarsal IV, F: 
AM 67625A. H, Metatarsal V, RAM 67626 (re¬ 
versed from right side). I—N, Proximal and medial 
phalanges, uncataloged. All from Jack Swayze 
Quarry, Ogallala Group (early Hemphillian), 
Clark County, Kansas. 


Beginning in the late Clarendonian, E. 
saevus is accompanied by a larger E. haydeni 
in many localities. We thus recognize two 
distinct size groups that were maintained 
throughout the late Clarendonian and early 
Hemphillian despite the continued size in¬ 
crease by both groups. Known localities that 
have co-occurrence of the two morphs in¬ 
clude Merritt Dam Member (late Clarendon¬ 
ian) of Ash Hollow Formation in north-cen¬ 
tral Nebraska, Pojoaque Member (Claren¬ 
donian) of Tesuque Formation in the Espan- 
ola Basin of New Mexico, Dove Spring 
Formation (late Clarendonian) in the western 
Mojave Desert of California, Love Bone Bed 
(late Clarendonian) of Alachua Formation in 
Florida, Johnson and Laucomer members 
(late Clarendonian through early Hemphilli¬ 
an) of Snake Creek Formation in western 
Nebraska, Port of Entry Quarry (early Hem¬ 
phillian) in Oklahoma, and McGehee Farm 
(early Hemphillian) in Florida. Many other 
localities (see referred specimens listed under 
both species), mostly with small samples, 
contain only one morph. A notable exception 
to this Epicyon species pair is in the Black 
Hawk Ranch (late Clarendonian) of coastal 
California, where a different pair of Boro- 
phagini coexist: a large Aelurodon taxoides 
and a small Borophagus littoralis. The size 
ranges of the latter two species are nearly the 
same as the saevus—haydeni pair, and pre¬ 
sumably they occupied similar ecological 
niches as their counterparts in the continental 
interior. 

Although the size differences between Ep¬ 
icyon saevus and E. haydeni may possibly be 
explained as sexual dimorphisms of a single 
species (in which case the dimorphism must 
have started from a nondimorphic E. saevus 
in the early Clarendonian), we chose to view 
them as distinct species for three reasons. 
First, no living canids have exhibited such 
great size differences between opposite sex¬ 
es, nor have we been compelled to consider 
this for other borophagines. Linear dimen¬ 
sions of common dental measurements are 
normally within 5% of each other among liv¬ 
ing canid species (e.g., Gingerich and Wink¬ 
ler , 1979; and personal obs.), whereas they 
are 16—23% in most quarry samples where 
the two species coexist. For example, hay¬ 
deni is 22% larger, in ml length, than saevus 
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ml length 

^ Epicyon saevus Epicyon haydeni 

Fig. 114. Histogram of the length of ml for Epicyon saevus and E. haydeni. Both species increase 
in size through time but maintain a distance among themselves. The apparent bimodal distribution within 
the early Hemphillian E. haydeni is mainly caused by the very large individuals from the latest early 
Hemphillian in the Wray area of Colorado and the Jack Swayze Quarry of Kansas. The Early Claren- 
donian (lower) part is pooled from samples in various quarries in the Cap Rock Member of the Ash 
Hollow Formation in Nebraska and equivalent horizon in South Dakota, and in the MacAdams Quarry 
in Texas. The Late Clarendonian (middle) part is combined from the Laucomer Member of the Snake 
Creek Formation and Merritt Dam Member of the Ash Hollow Formation in Nebraska. The Early 
Hemphillian (upper) part is combined from the Johnson Member of the Snake Creek Formation in 
Nebraska and various quarries in the Ogallala Group in Colorado, Kansas, Oklahoma, and Texas (see 
Referred Specimens under both species). 
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in the Johnson Member of the Snake Creek 
Formation, 20% in the Laucomer Member of 
Snake Creek Formation, 23% in the Merritt 
Dam Member of Ash Hollow Formation, and 
16% in the Port of Entry Quarry (all ratios 
are based on pooled averages). The magni¬ 
tudes of these differences are similar to those 
among living sympatric canids (Dayan et al., 
1989, 1992). Second, qualitative dental fea¬ 
tures can be found that are present in one size 
group but not in the other. Therefore, the 
larger haydeni is more likely to exhibit the 
more derived features listed in the diagnosis, 
although enough variation is present within 
the two species to prevent confident assign¬ 
ments based on isolated specimens. Finally, 
despite the continued increase in size by both 
species, the two forms seem to maintain a 
rather constant size difference, and overlaps 
are rare (fig. 114). Such a constant size dif¬ 
ference without overlap is best explained as 
morphological displacement by sympatrical- 
ly distributed species. This view is also in 
basic agreement with a recent study by Bas¬ 
kin (1998), whose morphometric analysis 
further substantiates our conclusion. 

Apart from some regional variation, the 
morphological integrity of this species pair 
seems maintained throughout their coexis¬ 
tence. Parallel trends within the two species, 
in addition to their increase in size, include 
progressive doming of the forehead, dorsal 
inflation of frontal sinus and postorbital pro¬ 
cess of the frontal, enlargement of p4s rela¬ 
tive to anterior premolars, and elongation of 
the external auditory meatus. Our interpre¬ 
tation of these two species coevolving to¬ 
gether toward larger size for more than 6 
m.y. seems also consistent with the cursorial 
nature of this lineage (Munthe, 1989). 

In most of western North America, Epi- 
cyon haydeni is last seen in the early Hem- 
phillian deposits, and its general absence in 
the late Hemphillian has been used to char¬ 
acterize a faunal turnover, between the early 
and late Hemphillian, that eliminated many 
elements of the Clarendonian chronofauna 
(Tedford et al., 1987: 190). One exception to 
this generality is the occurrence of E. hay¬ 
deni in the Upper Bone Valley Fauna of Flor¬ 
ida. This late Hemphillian occurrence may be 
the last relic of this great lineage surviving 
in the Gulf Coast. Importantly, specimens 


from the Upper Bone Valley Fauna often 
lack stratigraphic control because of the 
commercial mining operations in various 
phosphate pits, and the possibility of faunal 
mixing needs to be kept in mind. 

Borophagus Cope, 1892 

Hyaenognathus Merriam, 1903: 278. 

Porthocyon Merriam, 1903: 283. 

Osteoborus Stirton and VanderHoof, 1933: 177. 
Pliogulo White, 1941a: 67. 

Cynogulo Kretzoi, 1968: 164 (replacement for 

Pliogulo White, 1941). 

Type Species: Borophagus diversidens 
Cope, 1892. 

Included Species: Borophagus littoralis 
VanderHoof, 1931; B. pugnator (Cook, 
1922); B. ore (Webb, 1969b); B. parvus, new 
species; B. secundus (Matthew and Cook, 
1909); B. hilli (Johnston, 1939a); B. dudleyi 
(White, 1941a); and B. diversidens Cope, 
1892. 

Distribution: Early Clarendonian of Cal¬ 
ifornia; late Clarendonian of California; early 
Hemphillian of Colorado, Nebraska, Kansas, 
Florida, Idaho, Oregon, Nevada, Honduras, 
and El Salvador; late Hemphillian of Kansas, 
Nebraska, New Mexico, Oklahoma, Texas, 
Arizona, California, Florida, Mexico; early 
Blancan of Washington, Idaho, Kansas, Ne¬ 
braska, New Mexico, and Mexico; late Blan¬ 
can of Washington, Idaho, California, Ari¬ 
zona, Nevada, Texas, Nebraska, and Florida; 
and ?late Blancan of Florida and Mexico. 

Emended Diagnosis: Synapomorphies that 
unite species of Borophagus are highly 
domed forehead; short muzzle with crowded 
premolars; p4 large relative to premolars and 
carnassial with transverse diameter nearly 
equal to or exceeding that of the ml trigonid, 
tall-crowned, and posteriorly sloped; man¬ 
dibular ramus short and robust with large 
masseteric fossa and weak symphyseal boss; 
and radius and tibia short and robust, with 
tibia especially short relative to length of fe¬ 
mur. In cranial proportions, the braincase in 
Borophagus is not as narrowed relative to the 
length of skull, as it is in Epicyon and Ae- 
lurodon. 

Discussion: For many years after Cope’s 
(1892, 1893) initial description of Boropha¬ 
gus diversidens from the Blanco beds, Texas, 
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the genoholotype was thought to have been 
lost until its discovery and redescription by 
VanderHoof in 1936. In the meantime, Mer- 
riam (1903) proposed two generic names of 
his own, Hyaenognathus and Porthocyon, 
despite his recognition that dentitions of the 
newly named genera bore a “striking resem¬ 
blance” (p. 280) to Cope’s Borophagus. 
Merriam’s Hyaenognathus , based on far bet¬ 
ter materials from California, was more 
widely used in the next 30 years until 
VanderHoof (1936) demonstrated that 
Hyaenognathus is congeneric with Boropha¬ 
gus. At about the same time, Stirton and 
VanderHoof (1933) erected a new genus, Os- 
teoborus, mainly to group the somewhat 
more primitive bone-crushing species in the 
Hemphillian, in contrast to the more ad¬ 
vanced species of Borophagus in the Blan- 
can. Since then, nearly every new record or 
new species from the Hemphillian has been 
referred to Osteoborus, whereas Borophagus 
was used as the last taxon of this lineage. 
Authors generally agree that Borophagus 
represents a terminal lineage derived from 
Osteoborus, a conclusion readily born out by 
our phylogenetic analysis. The usage of Os¬ 
teoborus was thus meant to be gradational. 
For example, Johnston (1939a) and Hibbard 
(1944) both recognized that their newly 
erected species O. hilli and O. progressus (= 
Mill) probably gave rise to B. diversidens, 
but both still chose a horizontal classification 
and placed them in Osteoborus. Our nomen- 
clatural decision to enlarge the scope of Bor¬ 
ophagus and to abandon Osteoborus strives 
to maintain generic monophyly. 

Borophagus gained the symbolic status as 
the nominal genus of a new subfamily, Bor- 
ophaginae, in Simpson’s (1945) influential 
classification of mammals. The highly mixed 
nature of the taxa grouped into the Boro- 
phaginae notwithstanding, Simpson’s selec¬ 
tion of Borophagus as the type genus is ap¬ 
propriate, as it represents the culmination of 
a long line of canid evolution whose range 
of morphological adaptations is unsurpassed 
by other groups of canids. 

Recently, Richey (1979) attempted to 
quantitatively define the various species of 
Osteoborus and Borophagus based on the 
relative width of p4 but concluded that the 
exercise “has proved vain” (p. 121). While 


there obviously exists a morphocline toward 
increasing robustness of the p4 through time, 
extensive overlaps of the p4 width limit its 
usefulness as a single reliable criterion for 
species discrimination. Combinations of 
characters, both cranial and dental, are still 
necessary for a more accurate assessment of 
phylogenetic position. 

Munthe’s (1979) functional study indicates 
that Borophagus (her Osteoborus and Boro¬ 
phagus) has the shortest limbs among Bor- 
ophagini. Her conclusion, however, was 
based on two species of the genus, B. secun- 
dus and B. diversidens, both of which are 
highly advanced forms within the Boropha¬ 
gus clade. Munthe’s generalizations can now 
be extended to the more primitive forms, B. 
pugnator and B. pan’us. There appears to be 
some proportional differences in the limbs 
between Epicyon and Borophagus (fig. 144). 
Whether such a divergence of locomotor ad¬ 
aptations reflects a preference to open habits 
by Epicyon vs. wooded habitat by Boropha¬ 
gus as suggested by Munthe (1979: 96) 
needs closer examination of individual local¬ 
ities in light of the more extensive distribu¬ 
tion for both taxa in the present study. 

Borophagus littoralis VanderHoof, 1931 
Figures 115-117 

Borophagus littoralis VanderHoof, 1931: 16, pis. 

1-3. Barbat and Weymouth, 1931: 32. 
Osteoborus littoralis (VanderHoof): Stirton and 

VanderHoof, 1933: 177. Macdonald, 1948: 65. 

Richey, 1979: 107. 

Osteoborus diabloensis Richey, 1938: 304. fig. 1; 

1979: 107. Macdonald, 1948: 61, figs. 5-9. 
Epicyon diabloensis (Richey): Munthe, 1998: 

136. 

Epicyon littoralis (VanderHoof): Munthe, 1998: 

136. 

Holotype: UCMP 31503 (AMNH cast 
30073), nearly complete skull with Il-Pl al¬ 
veoli and P2-M2 (fig. 115) from UCMP loc. 
V3101, on Crocker Springs Creek, northeast 
side of Temblor Range, near Crocker 
Springs, 13 mi northwest of Taft, Kern Coun¬ 
ty, California; in rocks referred to the Mon¬ 
terey Formation, mollusks associated with 
the holotype are typical of those restricted to 
the Santa Margarita Formation (“Faunizone 
D” of Adegoke, 1969; “Margaritan Stage” 
of Addicott, 1972) elsewhere in the southern 
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San Joaquin Basin, California, early late 
Miocene (early Clarendonian). 

Referred Specimens: South Tejon Hills 
Local Fauna (LACM-CIT loc. 303), Santa 
Margarita Formation (early Clarendonian), 
Kern County, California: LACM-CIT 16734, 
partial palate with P2-M2 (P4 broken). 

Black Hawk Ranch Quarry, UCMP loc. 
V3310, south side of Mount Diablo, Green 
Valley Formation (late? Clarendonian), Con¬ 
tra Costa County, California: UCMP 33476 
(holotype of Osteoborus diabloensis Richey, 
1938: fig. la, b), right ramus with cl—pi al¬ 
veoli, p2—ml, and m2—m3 alveoli (fig. 115C, 
D); UCMP 33477 (paratype of Osteoborus 
diabloensis Richey, 1938: fig. lc, d; Mac¬ 
donald, 1948: fig. 7a), right maxillary with 
P2—Ml (fig. 117A, B); UCMP 33484, left 
ramus with cl, p2, and p4-m2; UCMP 
33492, right maxillary with Cl, P2-P3 al¬ 
veoli, and M1-M2 (Macdonald, 1948: fig. 
7c); UCMP 33493, left maxillary with P2- 
M2 (Macdonald, 1948: fig. 7b); UCMP 
33494, right immature partial ramus with 
dp2, dp4, and p3—p4 unerupted (Macdonald, 
1948: fig. 8b); UCMP 33711, right immature 
ramus with dp3—dp4, cl, and p2—p4 all 
erupting (Macdonald, 1948: fig. 8a); UCMP 
34515, skull with 13, Cl alveolus, and PI— 
M2 (Macdonald, 1948: fig. 5; fig. 116); 
UCMP 34623, right immature partial ramus 
with dp4 and p4—ml unerupted (Macdonald, 
1948: fig. 8c); UCMP 34640, right ramus 
with p3-m2; UCMP 34695, right isolated ml 
(Macdonald, 1948: fig. 9); UCMP 34716, left 
ramus with ml; UCMP 38169, ramus with 
cl-m2; UCMP 39404, left maxillary with 
P4-M2; UCMP 39491, right maxillary with 
P3-M2; UCMP 39493, right maxillary with 
Cl erupting and P4-M1; UCMP 58085, right 
maxillary with P4-M1; UCMP 64414, left 
ramus with p4-ml; UCMP 78399, left ramus 
with ml-m2; and UCMP 131615, fragmen¬ 
tary skull with P4-M2. 

Red Rock Canyon (LACM loc. 4771), 
Dove Springs Formation (late Clarendonian), 
Kern County, California: LACM 143520, left 
maxillary with Cl, PI—P3, P4 broken, and 
Ml-M2 broken. 

Ingram Creek 8, UCMP loc. V3952, San 
Pablo Group (late? Clarendonian), Stanislaus 
County, California: UCMP 36011, left max¬ 
illary with P4-M2 broken. 


North Tejon Hills (LACM CIT loc. 104), 
Chanac Formation (late Clarendonian), Kern 
County, California: LACM 16585, left M2. 

Red Rock Canyon (LACM loc. 3620), 
rocks correlated with the Bedrock Springs 
Formation (early Hemphillian), southwest of 
the mouth of Red Rock Canyon, Kern Coun¬ 
ty, California: LACM 61116, crushed ante¬ 
rior partial skull with II—Ml, partial cervical 
vertebrae, and fragmentary mandible. 

Distribution: Early and late Clarendonian 
or possibly early Hemphillian of California. 

Emended Diagnosis: As the most basal 
species of the Borophagus clade, B. littoralis 
has all of the derived characters for the ge¬ 
nus. These can be used to distinguish it from 
Epicyon and all other more primitive Boro- 
phagina (see Diagnosis for Borophagus). B. 
littoralis differs from B. pugnator and more 
derived species in its primitively unreduced 
PI—P3 and pi—p3 with more distinct acces¬ 
sory and cingular cusplets. 

Description and Comparison: The present 
reference of Borophagus diabloensis from 
the Black Hawk Ranch Quarry to B. littoralis 
adds to the hypodigm a complete skull and 
many lower jaws. Possession of several Bor¬ 
ophagus characters by this species suggests 
its derived status relative to Epicyon. The 
frontal is highly domed, more so than most 
Epicyon except highly advanced and geolog¬ 
ically late individuals. The frontal sinus ex¬ 
tends beyond the frontal-parietal suture. The 
rostrum is slightly shortened relative to skull 
length (length P1-M2 in fig. 118), as is also 
indicated by slightly imbricated upper pre- 
molars. The palate is beginning to be wid¬ 
ened, although recognizable only in the ratio 
diagram (fig. 118). The mandible has a weak 
symphyseal boss, another character of Bor¬ 
ophagus. 

The P2-P3 and p2-p3 begin to have the 
extremely low-crowned appearance of the 
genus. In this regard, the Black Hawk Ranch 
individuals are more primitive than the ho¬ 
lotype from Crocker Springs in their higher 
crowned principal cusps on premolars. To 
further separate the upper premolars from the 
lower ones, the P2—P3 are set above the base 
of the P4 such that they are in a different 
horizontal plane from that of the P4. The P4 
protocone is reduced to a faint ridge. The 
protocone is slightly better developed in the 
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Fig. 115. Borophagus littoralis. A, Lateral, B, dorsal, and C, ventral views of skull, and D. occlusal 
view of upper teeth, UCMP 31503, holotype, near Crocker Springs, rocks referred to Santa Margarita 
Formation (Clarendonian), Kern County, California. The shorter (upper) scale is for A, B, and C, and 
the longer (lower) scale is for D. Illustration by X. Wang. 


Black Hawk Ranch individuals. The Ml as¬ 
sumes a rather quadrate appearance mainly 
due to an anterior extension of the lingual 
cingulum, especially prominent in the holo¬ 
type, a derived character also found in Car- 
pocyon. 


Lower teeth are known from the Black 
Hawk Ranch materials only. Little can be 
added to Macdonald’s (1948) detailed de¬ 
scriptions of their morphology and variation. 
In general, the Black Hawk Ranch materials 
show primitive morphology for Borophagus: 
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Fig. 116. Borophagus littoralis. A, Lateral and B, ventral views of skull, UCMP 34515, Black Hawk 
Ranch Quarry, Green Valley Formation (late Clarendonian), Contra Costa County, California. Modified 
from Macdonald (1948: fig. 5), both reversed from the original figures. 

relatively unshortened p2—p3 with higher Richey, 1938), a conclusion consistent with 
crowned main cusps and distinct posterior our own analysis. This suggests that the or- 
accessory cusps, and p4 not greatly enlarged igin of the terminal clade of the bone-crush- 
and its main cusp not reclined. ing dog began in the late medial Miocene of 

Discussion: As long maintained by their the West Coast, 
original authors, Borophagus littoralis and B. A partial palate (LACM-CIT 16734) from 
diabloensis from the Clarendonian of Cali- South Tejon Hills is provisionally referred to 

fornia represent the most primitive form in Borophagus littoralis. The limited material 

the Borophagus clade (VanderHoof, 1931; show's the derived conditions for B. littoralis'. 
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Fig. 117. Borophagus littoralis. A. Lateral and B. occlusal views of maxillary, UCMP 33477, Black 
Hawk Ranch Quarry, Green Valley Formation (late Clarendonian), Contra Costa County, California. C, 
Occlusal and D. lateral views of ramus, UCMP 33476 (holotype of Osteoborus diabloensis). Black 
Hawk Ranch Quarry. Modified from Richey (1938: fig. 1), all reversed from the original figures. 
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Fig. 118. Log-ratio diagram for cranial measurements of eight species of Borophagus using Pro- 
tomarctus optatus as a standard for comparison (straight line at zero). See text for explanations and 
appendix II for measurements and their definitions. 


shortened rostrum (as indicated by its imbri¬ 
cate P2—P3) and reduced P4 protocone. 

Borophagus pugnator (Cook, 1922) 
Figures 120, 121 

Porthocyon pugnator Cook, 1922: 4, 3 figs. 
Aelurodon (“ Porthocyon ”) pugnator (Cook): 
Matthew, 1924: 103. 

Borophagus pugnator (Cook): VanderHoof, 1931: 
17. 

Osteoborus pugnator (Cook): Stirton and 
VanderHoof, 1933: 178. Richey, 1979: 107. 
Munthe, 1998: 137. 

Osteoborus dudleyi (White): Webb. 1969b: 281 
(in part). 

Osteoborus galushai Webb, 1969b: 296, fig. 5. 
Richey, 1979: 107. 

TOsteoborus cf. O. galushai (Webb): Webb, 
1969b: 299. fig. 6. 

Holotype: DMNH 184 (no. 3) (AMNH 
cast 113864), anterior part of skull with 11— 
12 alveoli, 13—M2 (Cl alveolus), and incom¬ 


plete basicranial region (fig. 120A—C) from 
Beecher Island Fauna, near Wray, Ogallala 
Group (late early Hemphillian), Yuma Coun¬ 
ty, Colorado. 

Referred Specimens: From the vicinity of 
Wray, Ogallala Group (late early Hemphilli¬ 
an), Yuma County, Colorado: DMNH (2) 
182, palate with 11-C1 alveoli and P1-M2 
(AMNH cast 113863); DMNH 184 (no. 3) 
(AMNH cast 113864B), right ramus with cl, 
pi—p2 alveoli, p3—ml, and m2—m3 alveoli 
(same number as the holotype, but different 
individual; fig. 120D, F); F:AM 61613, left 
partial ramus with cl—ml (pi alveolus); F: 
AM 61614, right ramus with cl—pi alveoli, 
p2-ml, and m2-m3 alveoli; F:AM 61615, 
left ramus with cl—p2 alveoli, p3—m2, and 
m3 alveolus; F:AM 61616, right partial ra¬ 
mus with pi—p3 alveoli, p4—ml both broken, 
and m2—m3 alveoli; F:AM 61617, right par¬ 
tial ramus with p2—p3 alveoli, p4—ml, and 
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Borophagus ore —Borophagus parvus Borophagus secundus 


j Borophagus hilli Borophagus dudleyi - Borophagus diversidens ; 

v..... J 


180% 


Fig. 119. Log-ratio diagram for dental measurements of eight species of Borophagus using Proto¬ 
marctus optatus as a standard for comparison (straight line at zero). See text for explanations and 
appendix III for summary statistics of measurements and their definitions. 


m2-m3 alveoli; F:AM 61618, left partial ra¬ 
mus with p4-ml both broken; F:AM 61619, 
right ramus with cl broken, pi— p4 alveoli, 
ml, and m2 alveolus; F:AM 61620, left par¬ 
tial ramus with p4—ml; F:AM 61621, left ra¬ 
mus with cl broken, p2 root—m2 (p3—p4 bro¬ 
ken), and m3 alveolus; F:AM 61622, left 
partial ramus with ml; F:AM 61623, left par¬ 
tial ramus with cl alveolus—p3 and p4 bro¬ 
ken; F:AM 61624, left partial ramus with p2 
alveolus—ml and m2 alveolus; F:AM 61625, 
right partial ramus with pi alveolus—p4 and 
ml alveolus; F:AM 61626, right partial ra¬ 
mus with c 1—m3 all represented by alveoli or 
broken teeth; F:AM 61627, left partial max¬ 
illary with P4-M1 and M2 alveolus; F:AM 
61628, right partial maxillary with P4 alve¬ 
olus and Ml broken-M2; F:AM 61629, right 
partial maxillary with M1-M2; F:AM 61630, 
left partial maxillary with M1-M2; F:AM 
61631, right isolated broken Ml; F:AM 
61632, left maxillary fragment with Ml bro¬ 


ken and M2 alveolus; F:AM 61633, left pre¬ 
maxillary-maxillary fragments with 13—P2 
and Ml broken; F:AM 61634, right premax- 
illary-maxillary fragment with 11—13 alveoli. 
Cl, and P1-P2 alveoli; F:AM 61635, right 
isolated M2; F:AM 67837, right humerus; F: 
AM 67838, left humerus; F:AM 67838A-D, 
three left and one right distal part humeri; 
DMNH 215 (AMNH cast 67839), left radius; 
F:AM 67840, right radius; F:AM 67841, 
right radius; F:AM 67842, left radius; F:AM 
67843, right radius; F:AM 67843A-F, four 
proximal and two distal part radii; F:AM 
67844, right partial ulna; F:AM 67844A, 
right proximal part ulna; DMNH 713T 
(AMNH cast 67844B), left proximal part 
ulna; F:AM 67845, right femur; F:AM 
67846, left tibia; F:AM 67847, left tibia; F: 
AM 67848 and 67848A, B, two right and one 
left metacarpals 1; F:AM 67849, left meta¬ 
carpal 11; F:AM 67850, left metacarpal 111; 
F:AM 67850A, left proximal part metacarpal 
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III; F:AM 67851, left metacarpal IV; F:AM 
67852, left metacarpal V; F:AM 67853, left 
metatarsal II; F:AM 67854 and 67854A, B, 
two right and one left metatarsals 111; F:AM 
67855, right metatarsal IV; F:AM 67856 and 
67856A—E, two left and four right calcanea; 
F:AM 67856F, G, right and left astragali; and 
F:AM 67856H—K, three first and one second 
phalanges. 

Reynolds Creek, Poison Creek Formation 
(?early Hemphillian), Owyhee County, Ida¬ 
ho: HAFO 2701 (AMNH cast 129876), par¬ 
tial right ramus with p2 alveolus, p3 broken, 
p4, and ml—m2 both broken (referred to Os- 
teoborus pugnator by McDonald, ms). 

Rome Fauna, Rome beds (early Hemphil¬ 
lian), Dry Creek (LACM-CIT loc. 62), Mal¬ 
heur County, Oregon: LACM 6564, left par¬ 
tial ramus with p3—m3 alveolus (p4—m2 all 
broken). 

Head of Blue Creek, Ogallala Group (late 
early Hemphillian), Garden County, Nebras¬ 
ka: UNSM 25890, right ramus with cl-p2 
alveoli and p3—ml. 

Medicine Creek (UNSM loc. Ft-104), 
Ogallala Group (late early Hemphillian), 
Frontier County, Nebraska: UNSM 1094, left 
ramus with il—m3. 

Jack Swayze Quarry, Ogallala Group (ear¬ 
ly Hemphillian), Clark County, Kansas: F: 
AM 61662, anterior half skull with complete 
dentition and associated left and right rami 
with i 1—i3 alveoli, cl—m2, and m3 alveolus 
(fig. 121A—F), two partial thoracic, six lum- 
bars, sacrum, pelvis, right ulna, left distal ra¬ 
dius, right humerus, and rib fragments; F: 
AM 61663, right partial ramus with pi—m2 
and m3 alveolus; F:AM 61664, left ramus 
with pi alveolus, p2 broken—ml, and m2—m3 
alveoli and associated right distal part hu¬ 
merus (61664B) and right radius (61664A); 
F:AM 61665, right partial ramus with p4— 
ml; F:AM 61666, left partial ramus with cl, 
pl-p3 alveoli, and p4; F:AM 61667, left ra- 
mal fragment with ml; F:AM 61668, left 
partial maxillary with P4-M1; F:AM 61669, 
left ramus with cl—pi alveoli, p2, and p3— 
m3 alveoli; F:AM 61669A, right partial ra¬ 
mus with pi—p3 alveoli, p4—ml both broken, 
and m2 alveolus; F:AM 61669B, left partial 
ramus with p4 broken and ml—m3 alveoli; F: 
AM 67632 and 67632A, left humerus and 
radius; F:AM 67633, right humerus; F:AM 


67633A-D, four left distal part humeri; F: 
AM 67633E, right proximal part humerus; F: 
AM 67634 and 67634A-E, two left proximal 
part radii, and two left and two right distal 
part radii; F:AM 67635 and 67635A-E, two 
left and four right proximal part ulnae; F:AM 
67636 and 67636A, B, three distal part fe- 
mori; F:AM 67637, left tibia; F:AM 67637A, 
B, two left distal part tibiae; F:AM 67638, 
left metacarpal II; F:AM 67639 and 
67639A—D, one incomplete and five com¬ 
plete metacarpals V; F:AM 67640, right 
metacarpal V; F:AM 67641, left metatarsal I; 
F:AM 67642, right metatarsal II; F:AM 
67643 and 67643A, right and left metatarsals 
III; F:AM 67644, left" metatarsal IV; F:AM 
67644A, left incomplete metatarsal V; F:AM 
67645 and 67645A, B, three calcanea; 
67645C, astragalus; F:AM 67645D-H, two 
tarsals and three first phalanges. 

Rhino Hill Quarry (KUVP loc. Wal-004), 
Ogallala Group (early Hemphillian), Wallace 
County, Kansas: KUVP 3472, nearly com¬ 
plete mandible with left and right cl—m2 
(pi—p2 alveoli) and m3 alveoli. 

Vicinity of John Dakin Quarry, Ogallala 
Group (early Hemphillian), Clark County, 
Kansas: F:AM 61659, right isolated P4; F: 
AM 61660, left isolated ml; and F:AM 
61661, left isolated ml. 

Bridge Creek, Box T Ranch, north of Hig¬ 
gins, Hemphill Beds, Ogallala Group (early 
Hemphillian), Lipscomb County, Texas: F: 
AM 61565, right ramus with cl alveolus—ml 
and m2—m3 alveoli. 

Mixson’s Bone Bed, Alachua Formation 
(early Hemphillian), northeast of Williston, 
Levy County, Florida: F:AM 61671 and 
61672 (one individual, holotype of Osteo- 
borus galushai Webb, 1969b: fig. 5), right 
and left rami with il-cl broken alveoli, pi 
alveolus—p4, ml—m2 both broken, and m3 al¬ 
veolus (fig. 121G, H); F:AM 61673, right 
partial ramus with p4 alveolus, ml, and m2— 
m3 alveoli; F:AM 61674, right ramal frag¬ 
ment with ml broken—m2; F:AM 61675, 
right partial maxillary with PI alveolus, P2, 
and P3 alveolus-P4; F:AM 61676, left par¬ 
tial maxillary and detached teeth including 
P3, P4—Ml both broken, and right detached 
M2; F:AM 61677, right partial maxillary 
with Ml—M2; F:AM 61678, left cl; F:AM 
67949, left proximal and distal ends of hu- 



1999 


WANG ET AL.: SYSTEMATICS OF BOROPHAGINAE 


275 



Fig. 120. Borophagus pugnator. A, Lateral, B. enlarged occlusal, and C, ventral views of skull and 
upper teeth, D, lower teeth, and E, ramus, DMNH 184(3). holotype, near Wray, Ogallala Group (late 
early Hemphillian), Yuma County, Colorado. The shorter (upper) scale is for A, C, and E. and the longer 
(lower) scale is for the rest. 
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Fig. 121. Borophagus pugnator. A, Lateral, B, enlarged occlusal, C, ventral and D, dorsal views of partial skull (zygomatic arch reversed 
from right side) and upper teeth, E, lower teeth, and F, ramus, F:AM 61662, Jack Swayze Quarry, Ogallala Group (early Hemphillian), Clark 
County, Kansas. G, Lower teeth and H, ramus, F:AM 61671 (holotype of Osteoborus galushai), Mixson's Bone Bed, Alachua Formation (early 
Hemphillian), Levy County, Florida. The shorter (upper) scale is for A, C, D, F, and H, and the longer (lower) scale is for the rest. 
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merus; F:AM 67949A—C, one proximal and 
two distal ends humeri; F:AM 67949D, E, 
two distal ends femori; F:AM 67950 and 
67950A, right and left tibiae; F:AM 67951, 
left metacarpal II; F:AM 67951 A, left meta¬ 
carpal V; F:AM 6795 IB, left metatarsal 111 
with fused distal part of metatarsal II (path¬ 
ological); F:AM 67951C, left metatarsal IV; 
F:AM 6795 IF, first phalanx; and F:AM 
67951G, second and third phalanges. 

Withlacoochee River 4A and 4X, Alachua 
Formation (late early Hemphillian), Citrus 
County, Florida: UF 14783, right ramal frag¬ 
ment with ml broken-m2; and UF 20047 
(AMNH cast 103344), complete mandible 
with cl, p2—m2, and m3 alveolus. 

Palmetto Fauna (“Upper Bone Valley Fau¬ 
na” of Tedford et al„ 1987), Bone Valley 
Formation (late Hemphillian), Hardee and 
Polk counties, Florida: Cargill (formerly 
Gardner) Phosphate Mine, Bird Clog Site, 
near Fort Meade: BF OB-10, right ramal 
fragment with ml. AMAX Phosphate Mine: 
UF 116070, left Ml. Palmetto Mine: UF 
124521, left ramus with pi—p2 alveoli and 
p3-ml. Fort Green Mine: UF 60823, partial 
right Ml; UF 102047, partial left P4; UF 
117435, left maxillary with P1-M2 alveoli; 
UF 124505, left ramal fragment with ml; UF 
124506, right cl; and UF 124520, partial left 
ml. Palmetto Washer: UF 12401, right Ml. 
Mulberry Phosphate Mines: UF 10335 
(AMNH cast 98082), right maxillary frag¬ 
ment with P4—M2 (referred to Osteoborus 
dudleyi by Webb, 1969b: 283). Phosphoria 
Mine: UF 102084, partial right P4. No lo¬ 
cality data: UF 49041 (cast of private collec¬ 
tion of H. W. Smith), left ramus with cl, pi— 
p2 alveoli, and p3—ml; UF 50757 (cast of 
private collection of G. Heslep), left ramal 
fragment with ml; and USNM 184101 
(AMNH cast 129872), left ramus with cl and 
p2—p3 alveoli, and p4— m2. 

Distribution: Early Hemphillian of Col¬ 
orado, Idaho, Oregon, Nebraska, Kansas, 
Texas, and Florida; and late Hemphillian of 
Florida. 

Emended Diagnosis: Borophagus pugna¬ 
tor is slightly more derived relative to B. lit- 
toralis in its more reduced anterior premolars 
with lower crowns on the main cusps and 
more reduced accessory and cingular cusps. 
B. pugnator is distinguishable from most 


other species of Borophagus in several prim¬ 
itive characteristics: frontals less abruptly el¬ 
evated; muzzle more elongate; pi usually 
present; p4 less robust, lower crowned, more 
upright, with stronger posterior accessory 
cusplet that is less compressed against pos¬ 
terior cingulum, and transverse diameter usu¬ 
ally less than that of ml trigonid; mandibular 
ramus more elongate and less massive, with 
less lateral deflection of the horizontal ramus 
and toothrow; and ascending ramus more 
erect. 

Description and Comparison: Significant 
additional materials from the Wray area are 
available in the Frick Collection to augment 
the holotype. The anterior partial skull of the 
holotype, however, is still the best specimen 
from the topotype area. Additional materials 
from Jack Swayze Quarry of Kansas and 
Mixson’s Bone Bed of Florida (as the syno¬ 
nym Osteoborus galushai) further demon¬ 
strate the widespread distribution of this spe¬ 
cies. 

Even with the addition of F:AM 61662, 
our knowledge of this species is still limited 
to the anterior half of the skull. The overall 
cranial construction of Borophagus pugnator 
is little different from that of B. littoralis. 
The forehead is in the same degree of frontal 
inflation as in B. littoralis, and the multi- 
chambered frontal sinus invades into the 
postorbital process of the frontal. 

The overall dental proportions in Boro¬ 
phagus pugnator are also very similar to 
those of B. littoralis, except for its more re¬ 
duced premolars (fig. 119). The lateral ridge 
on 13 (seen in F:AM 61662) is only weakly 
serrated approximately two-thirds from the 
base, and thus has practically lost all acces¬ 
sory cusplets. In lateral view, the P2—P3 are 
markedly elevated with respect to the base of 
the P4. Besides their smaller size, the pre¬ 
molars of B. pugnator have weaker acces¬ 
sory and cingular cusps than those of B. lit¬ 
toralis. The P4 protocone is extremely re¬ 
duced (in the holotype) or lost (e.g., F:AM 
61662, UCMP 31503). There is still a small 
pi present in materials from Colorado and 
Kansas, whereas some individuals (USNM 
184101 and UF 20047) from Florida have 
lost it. 

Discussion: Cook’s Borophagus pugnator 
was either ignored or received only cursory 
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mention in subsequent studies of the Osteo- 
borus—Borophagus lineage. Thus, new spe¬ 
cies, such as B. galushai, were erected main¬ 
ly by demonstration of differences from O. 
cyonoides. Webb’s (1969b) B. galushai is 
generally in the same stage of evolution as 
B. pugnator. One complete mandible (UF 
20047) from Withlacoochee River 4X local¬ 
ity, however, has significantly longer lower 
carnassials than does the topotypic sample 
from Mixson’s Bone Bed. UF 20047 has the 
primitive morphology of only slightly short¬ 
ened anterior part of ramus (corresponding to 
a slightly shortened rostrum) and the p2—p3 
are not severely imbricated, characters indi¬ 
cating its primitive status in the Borophagus 
clade. We thus refer this mandible to B. pug¬ 
nator. 

Materials from the Jack Swayze Quarry of 
Kansas are significantly smaller than those 
from other localities. Average ml length in 
the Kansas sample is 15% smaller than those 
from the topotypic series in Colorado. The 
difference in limb length is even greater, up 
to 28% for total length of the humerus or 
tibia. The smaller Kansas individuals are oth¬ 
erwise similar in stage of evolution to the 
Colorado samples. Based on our phylogeny 
that the earlier Borophagus littoralis is an¬ 
cestral to B. pugnator, the small individuals 
from Swayze Quarry must represent a size 
reduction (as opposed to being primitively 
small). Whether this size reduction leads to 
B. ore and B. parvus (discussed below) can¬ 
not be answered definitively because the 
Swayze individuals display none of the de¬ 
rived features of the latter two species. 

Borophagus ore (Webb, 1969) 

Figure 122I-L 

Osteoborus ore Webb, 1969b: 287, figs. 3, 4. 

Richey, 1979: 107. Leite, 1990: 15. Munthe, 

1998: 137. 

Holotype: UF 13180 (AMNH cast 
98085), right ramus with cl—p2 alveoli and 
p3—m2 (fig. 1221, J), from UF locality 4A, 
Withlacoochee River, 8 mi southeast of Dun- 
nellon, Alachua Formation (late early Hem- 
phillian), Marion County, Florida. 

Referred Specimen: From the type local¬ 
ity: UF 12313 (AMNH cast 98086) (Webb, 
1969b: fig. 4), left maxillary with P2—Ml 


and M2 alveolus (fig. 122K, L); UF 12314, 
right maxillary with P2—Ml and M2 alveo¬ 
lus; UF 12317, left P4; UF 12320, right ra¬ 
mus with p2 alveolus, p3—p4, ml alveolus, 
m2, and m3 alveolus; UF 12321, left ramal 
fragment with m2 and m3 alveolus; UF 
12326, left ramal fragment with p2-p3 al¬ 
veoli and p4 broken; UF 12350, left maxil¬ 
lary with PI alveolus and P2—P4 broken; UF 
13181, left ramus with p3—ml and m3 al¬ 
veolus; UF 14781, right p4; UF 14784, left 
ml; UF 14785, right ramal fragment with il— 
cl alveoli, p2, p3 alveolus, and p4; UF 
17439a, left ramal fragment with p4; UF 
17439b, right P4; UF 17439c, left P4 broken; 
UF 17439d, right ml broken; and UF 27380, 
right ramal fragment with cl and p2 alveoli, 
and p3—p4 (all broken). 

Distribution: Late early Hemphillian of 
Florida. 

Emended Diagnosis: In addition to its 
small size, derived features that distinguish 
Borophagus ore from B. pugnator and B. lit¬ 
toralis include a greater reduction (shorter) 
of premolars and loss of pi in the former. 
Primitive features of B. ore that distinguish 
it from B. parvus and more advanced species 
are P4 strong parastyle; p4 posterior acces¬ 
sory cusplet strong, posterior cingulum mod¬ 
erate, and transverse diameter less than that 
of ml trigonid; and p4 transverse diameter 
near posterior end only slightly greater than 
that at main cusp, and lack of a strong pos- 
terolingual cingulum and shelf at the crown 
base. 

Description and Comparison: Except the 
questionable reference of a few dental frag¬ 
ments from the Lemoyne Quarry of Nebras¬ 
ka (Leite, 1990; see Discussion below), no 
additional material of Borophagus ore has 
been referred to this rare species since its es¬ 
tablishment. Thus, Webb’s detailed descrip¬ 
tion of B. ore is still current and need not be 
duplicated here. We only highlight relevant 
features within the present phylogenetic 
framework. 

Borophagus ore is known mostly by max¬ 
illary and ramal fragments. A pi is present 
in only one of four individuals, a ratio much 
lower than that for B. parvus. The premolars 
are more reduced than in B. pugnator, not 
only in absolute size but also in relative 
terms seen in the ratio diagram (fig. 119). On 
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the other hand, B. ore lacks an anteriorly ex¬ 
tended Ml lingual cingulum, more enlarged 
p4, and unreduced m2, characters that appear 
in advanced species of Borophagus. 

Discussion: Webb (1969b: 296) noted the 
rather mixed primitive and derived morphol¬ 
ogy of B. ore compared to various species of 
the Osteoborus-Borophagus lineage, and 
concluded that, “while not so likely ancestral 
to some or all species of Borophagus as are 
O. hilli and O. progressus, it [B. ore] is near¬ 
ly as advanced.” Since our knowledge of this 
species has not improved since Webb’s orig¬ 
inal description, our phylogenetic interpre¬ 
tation is nearly as uncertain as his nearly 30 
years ago. If our placement of this species 
within the Borophagus clade is correct, its 
diminutive size is definitely an autapomor- 
phy pertaining to dwarfism. It is also tempt¬ 
ing to see B. ore as an end member of a B. 
parvus-orc lineage in a morphocline of de¬ 
creasing size. However, the more reduced 
P2—P3 and p2—p3, wider and more robust p4, 
and reduced m2 in B. parvus indicate a 
slightly more advanced status. Furthermore, 
the coexistence of B. pugnator and B. ore in 
the Withlacoochee 4A Local Fauna hints at 
a cladogenetic event in Florida, and the 
smaller B. ore may be a size displacement in 
response to the larger B. pugnator. 

Leite (1990: 15) listed three specimens 
(UNSM 96223, 96225, 96296; all three are 
represented by talonid fragments of mis) 
from the Lemoyne Quarry of Nebraska as 
Osteoborus sp. Noting their small size, he 
further compared these early Hemphillian 
materials to O. ore without definite taxonom¬ 
ic conclusions. While UNSM 96225 (the size 
of a large Leptocyon) is too small to be even 
a small Osteoborus, the other two talonid 
fragments (UNSM 96223 and 96296) are 
within the same size range as O. ore. How¬ 
ever, so little material is available that any 
further comment would be speculative. 

Borophagus parvus, new species 
Figure 122A-H 

?Osteoborus (Stirton and VanderHoof, 1933): 

Stirton, 1939b: 372, fig. 38. 

Osteoborus cyonoides (Martin, 1928): Wagner, 

1981: 193, figs. 29, 30A. 

Holotype: F:AM 75857, skull with II, 12 


broken, 13 alveolus, Cl, and PI alveolus—M2 
(fig. 122A—D) from Old Cabin Quarry, Qui- 
biris Formation (late Hemphillian), near Re- 
dington, Pima County, Arizona. 

Etymology: Latin: parvus, little, minor. 

Referred Specimens: Quibiris Formation 
(late Hemphillian), Pima County, Arizona: 
Old Cabin Quarry: F:AM 75855, right and 
left partial maxillae with P4—M2 and both 
partial rami with il-cl all broken and p2 
root-m3; F:AM 75856, left maxillary frag¬ 
ment with P4 broken-M2; F:AM 75858, 
crushed anterior part skull with Cl broken 
and P3-M2 (P4 broken); F:AM 75859, left 
partial maxillary with P4—M2 and left partial 
ramus with cl—p4 and ml broken; F:AM 
75860, crushed anterior part skull with II— 
Cl and P2-M2; F:AM 75861, right partial 
maxillary with P2-M2; F:AM 75862, 
crushed partial skull with Cl—M2 (all worn 
and broken); F:AM 75863, crushed fragmen¬ 
tary skull with Cl broken, isolated PI and 
P2, P4-M1 both broken, and M2; F:AM 
75864, crushed partial skull with incisors 
broken or alveoli, Cl alveolus, P2-M2 (P4 
broken), and both partial rami with p2—m3 
(ml broken); F:AM 75865, crushed partial 
skull with fragmentary Cl and P3—Ml; F: 
AM 75866, crushed anterior part skull; F: 
AM 75867, crushed anterior skull fragment 
with I1-P3, P4-M1 both broken, and M2; F: 
AM 75868, crushed skull fragment with Cl 
broken, P1-P3, and P4-M2 all badly broken; 
F:AM 75869, left maxillary fragment with 
Cl and P2-P4 all broken; F:AM^75870, left 
partial maxillary with P2-P3, P4-M1 both 
broken, and M2; F:AM 75871, crushed par¬ 
tial skull with Cl alveolus and P2-M2; F: 
AM 75872, crushed anterior part skull with 
12—Cl alveoli and Pl-Ml (P4-M1 broken); 
F:AM 75875, right ramus with cl and p2- 
m3; F:AM 75876, right ramal fragment with 
ml-m2; F:AM 75877, left partial ramus with 
p4—m2 (fig. 122E, F); F:AM 75878, mandi¬ 
ble with i 1—i3, cl broken, and pi alveolus— 
m3; F:AM 75879, right and left partial rami 
with p4-m2; F:AM 75880, left ramal frag¬ 
ment with ml; F:AM 75881, right and left 
rami with il broken—m3 (fig. 122G, H); F: 
AM 75882, right and left rami with cl and 
p2-m2; F:AM 75883, left ramal fragment 
with p4-ml; F:AM 75884, right partial ra¬ 
mus with p4 broken-m3; F:AM 75885, both 
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rami with cl and p2—m2 all broken; F:AM 
75886, left ramal fragment with p3—p4 and 
ml broken; F:AM 75887, both partial rami 
with cl, p3 broken—ml, m2 broken, and both 
partial ulnae and radii, tibia, and astragalus; 
F:AM 75888, both partial rami with p4-ml 
and m2 broken; F:AM 75889, right ramus 
with i 1—i3, cl—pi both broken, and p2—m3; 
F:AM 75890, left ramus with cl and p2-ml 
all broken; F:AM 75891, right partial ramus 
with cl broken—ml, m2 broken, and m3; F: 
AM 75892, left partial ramus with cl, p2 
root-m2, and m3 alveolus; F:AM 75893, 
right partial ramus with cl and p4—ml; F: 
AM 75894, left ramal fragment with ml-m2; 
F:AM 75895, right partial ramus with cl, pi 
alveolus, and p2—ml all broken; F:AM 
75896, right ramus with cl—m3 (pi broken); 
F:AM 75897, left ramus with right partial ra¬ 
mus with il-cl and pi broken—m3; F:AM 
75898, right ramus with cl broken, pi al¬ 
veolus—p4, ml broken, and m2—m3 alveoli; 
F:AM 75899, right ramus with pi—p2 broken 
and p3—ml; F:AM 75900, right partial ramus 
with i2-p4 and ml broken; F:AM 75901, left 
partial ramus with p3-m2; F:AM 75902, 
right partial ramus with p4—m2 (ml broken); 
F:AM 75908, right partial ramus with p3- 
m2; F:AM 75909, right partial ramus with 
cl, p2 alveolus—m2, and m3 alveolus; F:AM 
75910, right partial ramus with cl broken 
and pi alveolus—m2 (p4—ml broken and m3 
alveolus); F:AM 75911, left ramus with cl, 
pi alveolus—p4, and ml—m2 both broken; F: 
AM 97785A, left ramus fragment with ml- 
m3; F:AM 97785B, premaxillary-maxillary 
fragment with 11-12,13 alveolus, and C1-P2; 
F:AM 97786, crushed adolescent skull frag¬ 
ment with Cl erupting, ?P2 or P3 erupting, 
and P4 and M2 erupting; F:AM 97787A, 
right maxillary fragment with Ml broken; F: 
AM 97788, left ml; F:AM 108396, crushed 
partial skull with 11-M2; F:AM 108397, 
crushed anterior half of skull with 11 alveo- 
lus-M2; F:AM 108398, crushed skull frag¬ 
ment with P3-M2; F:AM 108399, crushed 
skull fragment with P2-M1 (M2 broken); F: 
AM 108400, skull fragment with P4-M1 
both broken; F:AM 108401, right maxillary 
fragment with P4-M2 (Ml broken); F:AM 
108402, left ramal fragment with cl broken 
and p2-p3; F:AM 108403, left isolated P4; 
F:AM 108404, broken left P4; F:AM 


108405, left isolated Ml; F:AM 108406, left 
ramus with i 1—i3 all broken, cl—p4, ml bro¬ 
ken, m2 alveolus, and m3; F:AM 108407, 
partial mandible with il broken-cl and pi— 
m2 (p3-m2 all broken); F:AM 108408, left 
partial ramus with cl broken and pi alveo- 
lus-m2 (p4-ml broken); F:AM 108409, 
right partial ramus with cl and p3—m2; F: 
AM 108410, right partial ramus with p3-m2 
(p4—ml both broken); F:AM 108411, right 
partial ramus with broken symphysis, i3 bro¬ 
ken, and p3-m2; F:AM 108412, left partial 
ramus with ml-m2; F:AM 108413, left ra¬ 
mal fragment with ml; F:AM 108414, right 
partial ramus with p4-m2; F:AM 108415, 
right partial ramus with p3— m2; F:AM 
108416, right partial ramus with cl broken- 
pi alveolus and p2—m2 (p4—ml both bro¬ 
ken); F:AM 108417, right ramal fragment 
with ml and m2 broken; F:AM 108418, left 
premaxillary with 11-13; F:AM 108419, right 
p2; F:AM 108420, left ramal fragment with 
p4; F:AM 108421, right isolated ml; F:AM 
108422, right isolated ml; F:AM 108423, 
left broken isolated ml; F:AM 108424, left 
m2; F:AM 108425, right m3; F:AM 75904, 
partial radius with distal end missing; F:AM 
75905, right femur; F:AM 75906 and 
75906A-C, metacarpals 11, 111, IV, and V; F: 
AM 75907, metatarsal III and proximal ends 
of metatarsals II, IV, and V; F:AM 108426, 
right crushed humerus; F:AM 108428, right 
distal end humerus; F:AM 108429, left prox¬ 
imal part ulna; F:AM 108431, right femur; 
F:AM 108432, proximal end metacarpal V 
and calcaneum; and F:AM 108433, calcane- 
um and distal end of metapodial. Redington 
Quarry: F:AM 67399, crushed skull and 
mandible with left P4—M2 exposed and right 
i3-m2; F:AM 67400, crushed skull with 13- 
M2 (all teeth badly worn) and left ramus 
with cl broken, p2—p4, and ml—m2 both bro¬ 
ken; and F:AM 108430, articulated incom¬ 
plete ulna, radius, carpals, metacarpals II—V, 
and first phalanges. Least Camel Quarry: F: 
AM 61583, crushed partial skull with 11-13 
(12 broken). Cl, and P2-M2; F:AM 61584, 
crushed anterior fragment of skull with P2— 
M2; F:AM 61584A, crushed skull fragment; 
and F:AM 61584B, crushed cervical and 
right and left rami with i3—m2 (p2 alveolus). 

Big Sandy Formation (late Hemphillian), 
Mohave County, Arizona: Clay Bank Quar- 
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ry: F:AM 61585, left partial ramus with cl 
and p2—m2; F:AM 61586, right ramus with 
il-cl, pl-ml, and m2 broken; F:AM 61588, 
left ramus with cl, p3—m2, and m3 alveolus; 
F:AM 61590, left partial ramus with p4-m2; 
F:AM 61591, left ramus with cl and p3-m2; 
F:AM 61593, left ramus with cl, p3 alveo- 
lus-m2, and m3 alveolus; F:AM 61594, left 
ramus with cl alveolus and p3 broken—m3; 
F:AM 61597, right ramus with cl alveolus 
and p3—m3; F:AM 61598, right partial ramus 
with c l and p3-m2; F:AM 61600, left partial 
ramus with p2 alveolus—m2 (ml broken); F: 
AM 61601, left ramal fragment with p4—ml; 
F:AM 61602, right and left ramal fragments 
with p4— m2 and detached canine and inci¬ 
sors; F:AM 61604, left ramus with cl, p2— 
ml, and m2 broken; F:AM 61605 (?same in¬ 
dividual as F:AM 61604), right ramus with 
p3—m3 all broken and m3 alveolus; F:AM 
61606, right partial ramus with cl and p2 
alveolus—ml; F:AM 61607, right ramal frag¬ 
ment with p4-ml both broken; F:AM 61608, 
right partial ramus with cl root, p2, and p3— 
ml all broken; F:AM 61609 and 61609A, 
left partial maxillary with P4—Ml and asso¬ 
ciated ramal fragment with ml broken; F: 
AM 61610, left maxillary fragment with P4; 
F:AM 61611, left and right maxillary frag¬ 
ments with P4-M2 all broken; F:AM 63037, 
adolescent partial skull with Cl erupting, 
P4—M2, both incomplete jaws with cl erupt¬ 
ing, p4— m3, immature humerus, ulna, femur, 
partial tibia, and partial pelvis; F:AM 63055, 
right adolescent partial ramus with cl, p3, 
and p4 all erupting, and ml and m3; F:AM 
97783, right partial ramus with cl broken, 
p2-p3, p4-m2 all broken and m3; F:AM 
97784, right ramal fragment with detached 
broken p4, ml, and m2 broken—m3 alveolus; 
F:AM 67955, right humerus with proximal 
end missing; F:AM 67955A—C, right radius, 
and right and left radii with distal end incom¬ 
plete; F:AM 67955D, left ulna; F:AM 67956, 
right metacarpal 1; F:AM 67956A, right 
metacarpal 11 ; F:AM 67956P, left metacarpal 
11 ; F:AM 67956C, right metacarpal 111 ; F: 
AM 67956C, left metacarpal 111 ; F:AM 
67956E, proximal part metacarpal 111 ; F:AM 
67956F, left metacarpal IV; F:AM 67956G, 
left metacarpal V; F:AM 67956H, right cal- 
caneum; F:AM 679561, first phalanx; and F: 
AM 67957, right calcaneum. Bird Bone 


Quarry: F:AM 61592, left ramus with il—pi 
alveoli and p2 alveolus—m2; F:AM 61596, 
left partial ramus with cl alveolus, pi root, 
p2, and p3 alveolus-ml; F:AM 61599, left 
partial ramus with cl, pi and p2 all alveoli, 
and p3-m2; F:AM 61603, left and right rami 
with cl alveolus and p2 alveolus—m3; F:AM 
67958C, left calcaneum; and F:AM 105376, 
right proximal part ulna. Gray Ranch Quarry: 
F:AM 61587, left ramus with cl, pl-p2 al¬ 
veoli, p3—m2, and m3 alveolus; F:AM 
61589, right ramus with cl, pi alveolus, and 
p2—m2; and F:AM 61595, right partial ramus 
with p4— m3. 

Pinole Local Fauna, Pinole Junction Site 1 
(UCMP loc. 2572), Pinole Formation (late 
Hemphillian), Contra Costa County, Califor¬ 
nia: UCMP 22094, left P4 (referred to lOs- 
teoborus by Stirton, 1939b: fig. 38). 

Modesto Reservoir Local Launa, Mehrten 
Lormation (late Hemphillian), Stanislaus 
County, California: Rock Point (LACM loc. 
3908): LACM 61650, right partial ramus 
with p3 alveolus-m3. Sand Point (LACM 
loc. 3909): LACM 61690, left ramus with 
ml-m3; LACM 61691, right ramus with p4 
broken-m2 and m3 alveolus; LACM 61692, 
left ramus with p2 alveolus—m2 and m3 al¬ 
veolus; and LACM 61693, right ramus with 
p2 alveolus—ml and m2—m3 alveoli. Rhino 
Island (LACM loc. 3942): LACM 62696, left 
ramus with p4—m2 (Wagner, 1981: fig. 30A); 
LACM 62697, left ramus with m I ; LACM 
62698, right ramus with p4; and LACM 
62701, right Ml. Turlock Lake Site 2 
(LACM loc. 3926): UCMP 44670, left ramus 
with cl broken, p2 alveolus—m2, and m3 al¬ 
veolus; and LACM 62519, right ramus with 
cl, p2—p3 alveoli, and p4—m2 (Wagner, 
1981: fig. 29). 

Distribution: Late Hemphillian of Arizo¬ 
na and California. 

Diagnosis: Borophagus pan’us is small 
relative to all other species of Borophagus 
(except B. ore). B. pan’us is derived relative 
to B. pugnator and B. ore in its anteriorly 
extended Ml lingual cingulum, more re¬ 
duced P2-P3 and p2-p3, slightly wider p4, 
and shortened m2. Primitive features of B. 
pan’us compared to B. secundus and more 
derived taxa include muzzle not extremely 
shortened, palate not abruptly widened at P4 
and not wider than it is long, pi usually pre- 
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sent, and P2—P3 and p2—p3 not transversely 
oriented or extremely imbricated. 

Description and Comparison: Materials 
from both the Quibiris and Big Sandy for¬ 
mations form a rather large series of speci¬ 
mens, although their preservation is gener¬ 
ally poor. All Arizona specimens suffer from 
different degrees of crushing, and only oc¬ 
casionally less crushed individuals, such as 
the holotype, permit confident observations 
of the cranial morphology. 

Borophagus parvus is on average 19% 
smaller than B. littoralis, 13% smaller than 
B. secundus, and 4.3% larger than B. ore (all 
based on basal skull length, except in B. ore, 
which is based on ml length). Although the 
frontal is not as prominently vaulted in lat¬ 
eral profile, as it is in more advanced species 
of Borophagus, the forehead is nonetheless 
highly domed. This is especially evident in 
anterior view, which shows an arched fore¬ 
head in the transverse profile as well (i.e., the 
supraorbital rim is substantially below the 
highest point of the forehead). This latter fea¬ 
ture is invariably developed in all advanced 
species of Borophagus, in contrast to rather 
flat (in anterior view) foreheads in B. littor¬ 
alis and B. pugnator. The rostral shortening 
is slightly more pronounced than in B. pug¬ 
nator (fig. 118), although the premolars are 
not severely imbricated. A large contrast in 
the cranial ratio diagram between B. littoralis 
and B. parvus is the latter’s shortened tem¬ 
poral fossa (length M2 to bulla in fig. 118), 
which seems to be a trend within the Boro¬ 
phagus clade. The cranial proportions of B. 
parvus are otherwise quite primitive for Bor¬ 
ophagus. The palate is not dramatically wid¬ 
ened at P4 as in B. secundus and more de¬ 
rived taxa. 

Dentally, the p 1 is still present in most Ar¬ 
izona specimens that preserve this part of the 
ramus (the presence-to-absence ratio of p 1 is 
29:10), but is lost in the Mehrten sample 
from California. The P2-P3 and p2-p3 are 
smaller than those in B. ore despite its slight¬ 
ly larger size (fig. 119). Such a precocious 
premolar reduction prevents the premolars 
from being imbricated. Although the p4 (8.9 
mm average width) is still narrower than the 
trigonid of ml (9.6 mm), its relative short¬ 
ening and widening is unambiguously seen 
in the ratio diagram (fig. 119), as opposed to 


that of B. pugnator or B. ore. The p4 main 
cusp, on the other hand, is not prominently 
sloped backward and its tip, when unworn, 
is usually lower than that of the ml paraco- 
nid, features that are primitive relative to 
those in B. secundus. Also shown in the ratio 
diagram is the relatively shortened m2 in B. 
parvus. 

Samples from the Mehrten Formation of 
California are in general agreement in size 
and morphology with those from Arizona but 
have the following peculiarities of their own: 
loss of pi, widened p4 at posterior end and 
a ventrally extended lingual cingular “lip” 
on the crown base of the p4, and a high hy- 
poconid on m2. 

Discussion: A small sample of mostly jaw 
fragments and isolated teeth from the Mehr¬ 
ten Formation of California was described as 
Osteoborus cyonoides by Wagner (1981). 
From the limited materials, the Mehrten sam¬ 
ple exhibits certain transitional features be¬ 
tween Borophagus parvus and B. secundus. 
It is derived in its loss of pi, but is primitive 
in its retention of a p4 that is not extremely 
tall-crowned and prominently reclined as 
seen in B. secundus. Furthermore, the Mehr¬ 
ten materials have some peculiarities of their 
own: broadened posterior end of p4 with 
ventrally extended lingual base of the crown 
and enlarged m2 hypoconid. Although it is 
conceivable that more complete materials 
from the Mehrten may prove it to be a dis¬ 
tinct taxon, we conservatively refer them to 
B. parvus as a geographic variant from the 
late Hemphillian of California (see also Dis¬ 
cussion under B. secundus for a larger form 
of Borophagus from the Mehrten Forma¬ 
tion). 

A P4 from the Pinole Formation of Cali¬ 
fornia matches well, in size and morphology, 
with those of both B. ore and B. pan’us. We 
tentatively refer this single carnassial to Bor¬ 
ophagus parvus because B. ore is presently 
known only in Florida. 

Except for its small size, Borophagus par¬ 
vus is morphologically intermediate between 
the more advanced B. secundus and the more 
primitive B. pugnator. Since B. ore is smaller 
in size and more primitive in our phyloge¬ 
netic analysis, it may be tempting to specu¬ 
late that B. parvus stands at the beginning of 
a trend toward increasing size in B. secundus 



284 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


NO. 243 


and more derived taxa. An alternative to such 
a scenario is that the small size in B. ore and 
B. parvus is the result of character displace¬ 
ment. 

Borophagus secundus (Matthew and Cook, 
1909) 

Figures 123-125 

Aelurodon saevus secundus Matthew and Cook, 
1909: 372, fig. 3. Matthew, 1918: 185. 
Hyaenognathus direptor Matthew, 1924: 100, fig. 
20. VanderHoof, 1931: 18. Stilton and 

VanderHoof, 1933: 177. 

Hyaenognathus evonoides Martin, 1928: 235, figs. 
1-3. 

Borophagus evonoides (Martin): Matthew and 
Stirton, 1930: 173, pis. 21-33. VanderHoof, 
1931: 19. Reed and Longnecker, 1932: 66. 
Borophagus secundus (Matthew and Cook): 
VanderHoof, 1931: 18. 

Osteoborus cyonoides (Martin): Stirton and 
VanderHoof,’ 1933: 177. Savage, 1941: 694, pi. 
1, fig. 10. McGrew, 1944a: 75, fig. 25.Dalquest, 
1969: 5; 1983: 20. Richey, 1979: 107. Harrison, 
1983: 15, figs. 8, 9. Webb and Perrigo, 1984: 
241. Munthe, 1998: 137. Miller and Carranza- 
Castaneda, 1998: 546. 

Osteoborus secundus (Matthew and Cook): Stir¬ 
ton and VanderHoof, 1933: 178. Skinner et al., 
1977: 358. VanderHoof and Gregory, 1940: 
158. Richey, 1979: 114. Munthe, 1998: 137. 
Osteoborus cf. evonoides (Martin): Hesse, 1936: 

59. Webb and Perrigo. 1984: 247, fig. 10. 
Amphicyon sp. Olson and McGrew, 1941: 1236, 
pi. 4, figs. E, F. 

Osteoborus sp. Macdonald, 1959: 877. 
Borophagus sp. Cook and Macdonald. 1962: 563. 
Osteoborus direptor (Matthew): Richey, 1979: 
107. Munthe, 1998: 137. 

Holotype: AMNH 13831, left ramus with 
cl—p2 alveoli, p3—m2 and m3 alveolus (fig. 
123C, D) from the Johnson Member of the 
Snake Creek Formation (late Hemphillian), 
Sioux County, Nebraska. In regard to the lo¬ 
cality of the type, Skinner et al. (1977: 358) 
stated, “The exact site is not known for this 
specimen. On the basis of morphologic sim¬ 
ilarities to other taxa from late Hemphillian, 
AMNH 13831 is tentatively assigned to the 
ZX Bar Local Fauna. “ 

Referred Specimens: Aphelops Draw Fau¬ 
na, Johnson Member, Snake Creek Forma¬ 
tion (early Hemphillian), Sioux County, Ne¬ 
braska: AMNH 20051, left ramal fragment 
with p4; AMNH 20065, right ramal fragment 


with p4; AMNH 20481, left ramus with cl 
broken, p2 alveolus—m2 (p4—ml both bro¬ 
ken), and m3 alveolus; and UNSM 4264, left 
ramal fragment with p4— m2. 

Pliohippus Draw, ZX Bar Local Fauna, 
Johnson Member, Snake Creek Formation 
(late Hemphillian), Sioux County, Nebraska: 
AMNH 18919, left ramus with cl, p2-p3 al¬ 
veoli, and p4—m3 (holotype of Hyaenogna¬ 
thus direptor Matthew, 1924) (fig. 125A, B); 
AMNH 20475, right maxillary with I3-C1 
both broken, PI alveolus, P2, P3 root-P4, 
and Ml—M2 alveoli; and AMNH 81041 (HC 
911), left maxillary with C1-P3 and P4-M2 
all broken, Pliohippus Draw level but a few 
yd south of Pliohippus Draw (referred to 
Borophagus sp. by Cook and Macdonald, 
1962: 563). 

Turtle Locality (UNSM loc. Cn-103), 2.5 
mi southeast of Lodgepole, Ogallala Group 
(late Hemphillian), Cheyenne County, Ne¬ 
braska: UNSM 2673, complete skull with 
II—M2 (12 alveolus), cervical vertebrae, and 
left humerus and ulna. 

Rancho Viejo Beds (late Hemphillian), 
Guanajuato, Mexico (list following Miller 
and Carranza-Castaneda, 1998): Rancho El 
Ocote site (Gto. 2), 22 km northeast of San 
Miguel Allende: IGM 6670, isolated left Ml 
(Miller and Carranza-Castaneda, 1998: fig. 
2.2). Rinconada locality (Gto. 43), 18 km 
north of San Miguel Allende: IGM 6412, 
right partial ramus with p4 broken—m3 (ml 
incomplete) (Miller and Carranza-Castaneda, 
1998: fig. 2.4); IGM 6669, left maxillary 
fragment with P4—M2 (Miller and Carranza- 
Castaneda, 1998: fig. 2.1); and IGM 6671, 
nearly complete right Ml (Miller and Car¬ 
ranza-Castaneda, 1998: fig. 2.3). 

Gracias Local Fauna (late early Hemphil¬ 
lian), Honduras (list following Webb and 
Perrigo, 1984: 241): Rancho Lobo: FMNH 
P26972, right maxillary with P3-M2 (re¬ 
ferred to Osteoborus cyonoides by McGrew, 
1944a: fig. 25), left maxillary with P4—M2; 
WM (Walker Museum of University of Chi¬ 
cago) 1766, left ramus with cl and alveoli of 
cheekteeth (referred to Amphicyon sp. by Ol¬ 
son and McGrew, 1941: pi. 4, figs. E, F); and 
WM 1767, broken Ml. New Year Locality: 
UF 17771, right Ml. Las Culebras: UF 
45879, right Ml. Tapasuma: F:AM 27020, 
left ramus with i3—cl, p2—m2 (ml broken), 
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and m3 alveolus; and F:AM 27021, left par¬ 
tial ramus with ml—m2 both broken. 

Corinto Local Fauna (late early Hemphil- 
lian), El Salvador: UF 57481, left Ml (re¬ 
ferred to Osteoborus cf. cyonoides by Webb 
and Perrigo, 1984: fig. 10). 

Edson Quarry, Ogallala Group (late Hem- 
phillian), Marshall Ranch, Sherman County, 
Kansas: KUVP 3468 (holotype of Hyaen- 
ognathus cyonoides Martin, 1928), right ra¬ 
mus with il— cl, p2 alveolus—m2, and m3 al¬ 
veolus; F:AM 61640, skull with II alveolus- 
M2 and associated mandible with right i2— 
i3, right and left cl, and p2—m3 (Harrison, 
1983^ fig. 8; fig. 125C-H); F:AM 61641, 
skull with II alveolus, 12 broken, 13-P2 al¬ 
veoli, P3—M2, and mandible with cl alveo¬ 
lus, p2 alveolus—m2, and m3 alveolus; F:AM 
61642, anterior part skull with II—PI alveoli, 
P2-M2, and mandible with i 1—i2 alveoli, i3- 
cl, p2-m2, and m3 alveolus; F:AM 61643, 
right maxillary with 11—13 alveoli. Cl bro- 
ken-Ml, and M2 alveolus; F:AM 61644, left 
anterior part of skull with 11 alveolus—C1 and 
PI alveolus-M2; F:AM 61645, left detached 
premaxillary and right and left partial max¬ 
illae with II alveolus-13 and C1-M2; F:AM 
61646, right maxillary with Cl—PI alveoli 
and P2-M2 (P3 broken); F:AM 61647, left 
maxillary with C1-M2 alveoli; F:AM 61648, 
right maxillary fragment with P4 broken—Ml 
alveolus; F:AM 61649, posterior part of 
skull; F:AM 61650, left premaxillary and 
right and left partial maxillae with II alveo¬ 
lus-13, Cl alveolus, and P3-M2; F:AM 
61651, right partial ramus with p4 erupting— 
m2 and m3 alveolus; F:AM 61652, right and 
left rami with i 1—i3 alveoli, cl, p2 alveolus— 
m2, and m3 alveolus; F:AM 61653, right and 
left rami with il—cl and p2—m3; F:AM 
61654, right partial ramus with cl broken 
and p2—ml; F:AM 61655, right partial ramus 
with i 1—i2, i3-cl both broken, p2—ml, and 
m2-m3 alveoli; F:AM 61656, left detached 
ml; F:AM 61657, left ramus with cl and p4 
erupting, ml alveolus, and m2—m3 erupting; 
F:AM 61658, right ramus with cl—p4 all bro¬ 
ken, ml, and m2-m3 alveoli; F:AM 98088, 
right and left partial rami with cl alveolus, 
p2, p3—ml alveoli and roots, m2, and m3 al¬ 
veolus; F:AM 67647, left humerus (Harrison, 
1983: fig. 9a, b) and left proximal parts of 
radius and ulna; F:AM 67646, left radius 


(Harrison, 1983: fig. 9e, f) and ulna with 
proximal end broken (Harrison, 1983: fig. 9c, 
d), left tibia and partial fibula (Harrison, 
1983: fig. 9m), metatarsal 1, ungular phalanx, 
and one cervical vertebra; F:AM 67648, left 
distal part humerus and left tibia with prox¬ 
imal end missing (Harrison, 1983: fig. 9k, 1); 
F:AM 67649, proximal end radius, distal end 
fibula, calcaneum (Harrison, 1983: fig. 9n), 
three incomplete metapodials, and four first 
and one second phalanges and fragments; F: 
AM 67650, left distal part humerus; F:AM 
67650B, right distal part ulna; F:AM 67651, 
right femur (Harrison, 1983: fig. 9i, j); F:AM 
67652, right metatarsal II; F:AM 67654, 
right metatarsal II; F:AM 67655 and 
67655A, right and left metatarsals III (Har¬ 
rison, 1983: fig. 9q); F:AM 67656, left meta¬ 
tarsal IV; F:AM 67656A, left metatarsal IV 
(Harrison, 1983: fig. 9r); F:AM 67658, cer¬ 
vical vertebrae and dorsal vertebrae with in¬ 
complete ribs; and F:AM 104717, left distal 
part radius. 

Coffee Ranch Local Fauna, Ogallala 
Group (late Hemphillian), Coffee Ranch 
Quarry (= Miami Quarry), 8 mi east of Mi¬ 
ami, Hemphill County, Texas: F:AM 23350, 
skull with II—M2 (fig. 124) and mandible 
with il—m3 (fig. 123A, B) (in permanent ex¬ 
hibition); F:AM 23351, right partial maxil¬ 
lary with P3-M1; F:AM 23352, immature 
partial skull with dP2-dP4 and P4-M2 un¬ 
erupted; F:AM 23354, right immature ramus 
with cl unerupted, dp2-dp4, and p4—ml un¬ 
erupted; F:AM 23355, left ramus with p2 al- 
veolus-m2 and m3 alveolus; F:AM 23356, 
left partial ramus with cl, p2—p3 alveoli, and 
p4-m2; F:AM 23357, right ramus with cl— 
m2; F:AM 23357A, right ramus with cl and 
p2 alveoli and p3-m3; F:AM 23358, right 
ramus with cl alveolus, p3—p4 broken, ml— 
m2, and m3 alveolus; F:AM 23359, right 
maxillary with P2-M2; F:AM 23360, left 
partial maxillary with P4-M1; F:AM 23361, 
left partial maxillary with P2-M1; F:AM 
23362, right maxillary fragment with P4; F: 
AM 23363, left partial maxillary with P4- 
Ml; F:AM 23372A, right immature ramal 
fragment with dp3-dp4; F:AM 23372B, right 
immature ramal fragment with dp3—dp4; F: 
AM 23372C, right immature ramal fragment 
with dp4; F:AM 23372D, isolated right dp4; 
F:AM 23372E, isolated left dP4;" F:AM 
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31000, left partial maxillary with P4-M1 and 
M2 broken; F:AM 31001, right ramus with 
i2—i3 alveoli, cl—m2 (pi absent), and m3 al¬ 
veolus; F:AM 31002, right ramus with cl 
and p2-p3 alveoli and p4-m2; F:AM 31003, 
right partial ramus with p3—m2; F:AM 
31004, skull with Il-Cl alveoli and P1-M2; 
F:AM 31005, partial skull with 11-12 alveoli 
and 13-M2; F:AM 31006, partial skull with 
FI-12 alveoli and I3-M2 (PI alveolus); F: 
AM 31007, anterior part of skull with 11-12 
alveoli and I3-M2 (PI area broken); F:AM 
31008, right maxillary with P2-M2; F:AM 
31009, left partial ramus with p2 alveolus— 
m2 and m3 alveolus; F:AM 31010, left par¬ 
tial maxillary with P2-M2; F:AM 31011, left 
ramus with cl broken, p2 alveolus—p3, p4 
broken, ml, m2 broken, and m3 alveolus; F: 
AM 31012, left immature partial maxillary 
with dP3 root, dP4, and Ml erupting; F:AM 
31013, right maxillary with PI alveolus-M2; 
F:AM 31014, right partial maxillary with P4 
and Ml broken; F:AM 31015, right partial 
ramus with cl—ml (pi absent); F:AM 31016, 
right partial ramus with p4— m2; F:AM 
31017, left ramus with p2-m3; F:AM 31018, 
left ramus with p4—ml; F:AM 61700, right 
maxillary with Cl-Pl alveoli and P2-M2; F: 
AM 61701, left partial maxillary with P4- 
Ml; F:AM 61701-1, left partial maxillary 
with P4-M1; F:AM 61701-2, left partial 
maxillary with P2-P3 alveoli, P4, and Ml— 
M2 alveoli; F:AM 61701-3, left partial max¬ 
illary with P4-M1; F:AM 61701-4, left par¬ 
tial maxillary with P4-M1; F:AM 61701-5, 
right partial maxillary with P4—Ml and M2 
alveolus; F:AM 61701-6, left partial maxil¬ 
lary with P4-M2; F:AM 61701-7, right max¬ 
illary fragment with P4; F:AM 61701-8, 
right detached P4; F:AM 61702, left ramus 
with cl and p2 alveolus-m2; F:AM 61702- 
1, right ramus with cl—m3 (pi absent, p2 al¬ 
veolus, and m2 broken); F:AM 61702-2, 
right partial ramus with p4—ml and m2 al¬ 
veolus; F:AM 61702-3, right partial ramus 
with cl and p2 alveoli, p3—ml, and m2—m3 
alveoli; F:AM 61702-4, left ramus with p4 
broken-m2; F:AM 61702-5, right partial ra¬ 
mus with p2 alveolus-m2; F:AM 61702-6, 
right partial ramus with p4—ml; F:AM 
61702-7, right partial ramus with p2—m2 and 
m3 alveolus; F:AM 61702-8, right partial ra¬ 
mus with p3 alveolus—ml and m2—m3 alve¬ 


olus; F:AM 61702-9, right ramus with p4- 
m3; F:AM 61703, right ramus with cl-m3 
(pi and p3 alveoli); F:AM 61703-1, left par¬ 
tial ramus with p3-ml; F:AM 61703-2, left 
ramus with cl broken alveolus, p2—ml, and 
m2-m3 alveoli; F:AM 61703-3, left ramus 
with cl, p2-p3 alveoli, and p4-m2; F:AM 
61703-4, right partial ramus with p2 alveo- 
lus-ml and m2-m3 alveoli; F:AM 61703-5, 
right partial ramus with cl and p2—ml; F: 
AM 61703-6, right ramus with cl, p2-ml, 
and m2 alveolus; F:AM 61703-7, right ramus 
with p3-m2, and m3 alveolus; F:AM 61703- 
8, left ramus with p2 alveolus—m2 and m3 
alveolus; F:AM 61703-9, right ramus with cl 
alveolus, p2—ml, and m2 alveolus; F:AM 
61704, right ramus with cl and p2 alveoli, 
p3-ml, and m2-m3 alveoli; F:AM 61704-1, 
left ramus with cl and p2 alveoli and p3— 
m3; F:AM 61704-2, right ramal fragment 
with p4 broken-ml; F:AM 98717, right par¬ 
tial ramus with p2—p3 alveoli and p4—ml; F: 
AM 98718, right partial ramus with p4-m2; 
F:AM 98719, right partial ramus with p2-p3 
alveoli and p4 broken-ml; F:AM 98720, left 
partial ramus with p3 alveolus, p4 broken- 
ml, and m2 broken-m3; F:AM 98721, right 
ramus with cl and p3 alveoli, p4—m2, and 
m3 alveolus; F:AM 98722, right ramus with 
cl and p2—p3 alveoli, p4—ml, and m2—m3 
alveoli; F:AM 98723, right partial ramus 
with cl, p2—p3 alveoli, and p4—ml; F:AM 
98724, left partial ramus with p2 alveolus— 
ml; F:AM 98725, right ramus with cl al¬ 
veolus, p3—ml, and m2—m3 alveolus; F:AM 
108209, left partial ramus with p4—ml and 
m2 broken; F:AM 108210, right partial ra¬ 
mus with p4-m2 all broken; F:AM 108211, 
left partial maxillary with P3 broken—Ml and 
M2 alveolus; F:AM 108212, left partial max¬ 
illary with P4-M1; F:AM 108213, right par¬ 
tial maxillary with P3-M1; F:AM 108214, 
right partial ramus with ml and m2—m3 al¬ 
veoli; F:AM 108215, left partial ramus with 
cl and p2—p3 alveoli, p4, and ml—m2 alve¬ 
oli; F:AM 108216, right partial ramus with 
cl and p2—p3 alveoli and p4— ml alveolus; F: 
AM 108217, left partial ramus with ml; F: 
AM 108218, right partial ramus with p3 al¬ 
veolus, p4, and ml broken; DMNH 1322 (F: 
AM 108208), right partial maxillary with 
P4-M2; DMNH ^1323 (F:AM 108207), left 
partial maxillary with P4-M1; DMNH 1324 
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(F:AM 108199), right ramus with cl, p2-p3 
alveoli, p4—ml, and m2 alveolus; DMNH 
1325 (F:AM 108200), right ramus with p2- 
p3 alveoli and p4-m3; DMNH 1326 (F:AM 
108201), left ramus with cl and p2-p3 al¬ 
veoli, p4-ml, and m2-m3 alveoli; DMNH 

1327 (F:AM 108196), left ramus with cl al¬ 
veolus, p2—m2, and m3 alveolus; DMNH 

1328 (F:AM 108197), left ramus with cl and 
p2 alveoli, p3—m2, and m3 alveolus; DMNH 

1329 (F:AM 108202), left ramus with p3- 
m2, and m3 alveolus; DMNH 1329A (F:AM 
108203), left partial ramus with p4-m2 and 
m3 alveolus; DMNH 1329B (F:AM 108204), 
left partial ramus with p3 alveolus—ml and 
m2—m3 alveoli; DMNH 1329 (F:AM 
108198), right partial ramus with cl, p2—p3 
alveoli, p4—ml, and m2—m3 alveoli; and 
UCMP 30663 (AMNH cast 55563), right ra¬ 
mus with cl, p2—p3 alveoli, and p4—m3. 

“Goodnight beds,” Ogallala Group (late 
Hemphillian), near Goodnight, Armstrong 
County, Texas: Horace Baker Pit: F:AM 
67389, immature skull with dP3-dP4, P2, P4 
unerupted. Ml—M2 both erupting. Hill Quar¬ 
ry: F:AM 67386, left ml; and F:AM 67390, 
right immature right ramus with dp2 broken, 
dp3, dp4 broken, and ml erupting. Sebit, 14 
mi northeast of Matthew’s North Pit: F:AM 
61579, left partial maxillary with P4 broken— 
M2. Center Hill Pit, McGehee Place: F:AM 
67388, two maxillary fragments with PI bro¬ 
ken—P2 and P4. Hubbard Place Quarry: F: 
AM 67386A, right detached ml; F:AM 
67386B, left partial ramus with p4— m2; and 
F:AM 67387, right ramus with cl—pi alveoli, 
p2—m2, and m3 alveolus. Christian Pit 2: F: 
AM 67387B, right ramal fragment with p4- 
ml. 

Channing area, Ogallala Group (late Hem¬ 
phillian), Hartley County, Texas: Holt, 4.5 mi 
west and 1 mi south of Channing: F:AM 
61581, right ramus with cl and p2 alveoli 
and p3—m3 all broken. Burson Ranch Pit: F: 
AM 61582, immature right maxillary frag¬ 
ment with Cl erupting and dP3. 

Optima Local Fauna, Ogallala Group (late 
Hemphillian), Optima (= Guymon) quarries, 
near Guymon, Texas County, Oklahoma: F: 
AM 61679, anterior part of skull with II—Cl, 
dP3, and P4—Ml, partial left and right rami 
with i3-cl, and p3-m2; F:AM 616^9-1, an¬ 
terior part of skull with I2-C1 and P2-M2; 


F:AM 61679-2, left partial maxillary with 
P4-M2; F:AM 61679-3, crushed anterior 
part of skull with 11-13 alveoli and C1-M2; 
F:AM 61679-4, anterior half of skull with 
II—M2 and both jaws with cl, p2—m2, and 
m3 alveolus; F:AM 61679-5, right premax¬ 
illary and partial maxillary with 13, Cl al¬ 
veolus, P2, P4, detached Cl, and broken Ml; 
F:AM 61679-6, anterior part of skull with 
II—Ml and M2 broken; F:AM 61679-7, 
crushed anterior part of skull with II—M2 
(P4-M1 broken); F:AM 61679-8, crushed 
anterior fragment of skull with II—Cl and 
P4-M2; F:AM 61679-9, right maxillary with 
Cl alveolus and P2 broken-Ml; F:AM 
61680, crushed anterior part skull with II— 
Cl and PI root-M2; F:AM 61680-1, anterior 
part of skull with 11-13 alveoli. Cl, P2-P4, 
and Ml broken; F:AM 61680-2, right partial 
maxillary with P4—Ml and M2 alveolus; F: 
AM 61680-3, crushed anterior part of skull 
with 13—M2 (PI alveolus); F:AM 61680-4, 
crushed partial palate with P2—P4 and Ml 
broken; F:AM 61680-5, anterior fragment of 
skull with P2-M2; F:AM 61680-6, right par¬ 
tial maxillary with P4-M1; F:AM 61680-7, 
crushed anterior part of skull with II, Cl bro¬ 
ken, P2-M2, and both rami with cl, p2 al¬ 
veolus—m2, and m3 alveolus; F:AM 61680- 

8, crushed partial skull with II—M2, both par¬ 
tial rami with cl and p2-m3; F:AM 61680- 

9, crushed skull with I1-M2; F:AM 61681, 
right partial maxillary with P2—Ml; F:AM 
61681-1, right premaxillary-maxillary with 
II—PI alveoli, P2-P4, and Ml alveolus; F: 
AM 61681-2, right and left maxillae with II— 
M2; F:AM 61681-3, crushed anterior part of 
skull with 11-12 alveoli, I3-M1, and M2 al¬ 
veolus; F:AM 61681-4, right partial maxil¬ 
lary with P4-M1 and M2 alveolus; F:AM 
61681-5, crushed partial skull with 11—13 al¬ 
veoli, Cl, PI alveolus, P2-M1 (P4 broken), 
and M2 alveolus; F:AM 61681-6, anterior 
part of skull with 11-12 alveolus and I3-M2; 
F:AM 61681-7, crushed anterior fragment of 
skull with Cl—M2 (Ml broken); F:AM 
61681-8, partial palate with Cl and P2-M2; 
F:AM 61681-9, left partial maxillary with 
P4-M2; F:AM 61682, right partial maxillary 
with P4-M1; F:AM 61682-1, partial palate 
with 11-12 both broken and 13-M2; F:AM 
61682-2, right maxillary with 13, Cl, PI de¬ 
tached, P2-M1, and M2 broken; F:AM 



288 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


NO. 243 


61682-3, right maxillary with PI alveolus— 
M2; F:AM 61682-4, right partial maxillary 
with P2-M1; F:AM 61682-5, partial palate 
with P2-M2; F:AM 61682-6, left partial 
maxillary with P4-M2; F:AM 61682-7, 
crushed anterior part of skull with 11—M2; F: 
AM 61682-8, left maxillary with C1-M2; F: 
AM 61682-9, crushed skull fragment with 
I2-C1 all erupting, P2 erupting, and P4-M2; 
F:AM 61683, right maxillary fragment with 
P4-M2; F:AM 61683-1, right maxillary with 
Il-Pl alveoli, P2-P4, and M1-M2 alveoli; 
F:AM 61683-2, left maxillary fragment with 
P4; F:AM 61683-3, right maxillary with P2 
alveolus-M2; F:AM 61683-4, skull fragment 
with P4-M2; F:AM 61683-5, left maxillary 
fragment with P3-P4; F:AM 61683-6, skull 
fragment with P2 and P4-M2; F:AM 61683- 

7, right and left partial maxillae with 13—Cl 
and P4-M1; F:AM 61683-8, crushed anterior 
part skull with 11-P2 alveoli and P3-M2; F: 
AM 61683-9, right and left partial maxillary 
with P3-M1; F:AM 61684, crushed partial 
skull with I1-M2; F:AM 61684-1, crushed 
skull fragment with P3-M2; F:AM 61684-2, 
crushed anterior part skull with Cl and P2— 
M2 (P3 and Ml broken); F:AM 61684-3, 
skull fragment with 11-M2; F:AM 61684-4, 
crushed anterior part skull with II—M2; F: 
AM 61684-5, right maxillary fragment with 
Cl, P4, Ml broken, and M2; F:AM 61684- 
6, right maxillary fragment with P4—Ml; F: 
AM 61684-7, crushed skull with I1-M2 and 
both rami with p4-m3; F:AM 61684-8, right 
and left maxillae with I3-M2; F:AM 61684- 
9, crushed anterior part skull with II—M2; F: 
AM 61685, crushed anterior fragment of 
skull with I1-P2 and P4-M2; F:AM 61685- 
1, left maxillary with I3-M1 and M2 broken; 
F:AM 61685-2, right partial maxillary with 
P3-P4 and Ml broken; F:AM 61685-3, 
crushed partial palate with P2-M2; F:AM 
61685-4, crushed partial skull with P4-M2 
and both rami with il—cl and p2—m3; F:AM 
61685-5, crushed partial skull with II—Cl al¬ 
veoli and P4-M2; F:AM 61685-6, crushed 
anterior part of skull with II—Cl, P2-M2, 
mandible with cl broken, and p2—m3; F:AM 
61685-7, anterior part of skull with II alve- 
olus-Cl and PI alveolus-M2; F:AM 61685- 

8, crushed fragment of skull with 13—Cl and 
P2-M2; F:AM 61685-9, palate with I3-C1 
and P2-M2; F:AM 61686, partial palate with 


II alveolus, 12, 13 alveolus—Cl, and P3-M2; 
F:AM 61686-1, palate with I3-C1, and P2 
root-M2; F:AM 61686-2, associated de¬ 
tached upper teeth including P2—M2; F:AM 
61686-3, crushed anterior part of skull with 
Cl and PI alveolus—M2; F:AM 61686-4, 
crushed palate with 12 broken and 13—M2; F: 
AM 61686-5, left maxillary with P3-M1; F: 
AM 61686-6, right maxillary fragment with 
P4-M1; F:AM 61686-7, right maxillary with 
Cl alveolus—M2, both rami with il—cl, and 
p2-m2; F:AM 61686-8, left maxillary frag¬ 
ment with Cl, P1-P2 roots, P3-P4, Ml bro¬ 
ken, and right and left ramal fragments with 
p4-m3; F:AM 61686-9, crushed skull with 
I3-M2 (P4-M1 broken), and both partial 
rami with i3 broken—cl, and p2—m2 (ml bro¬ 
ken); F:AM 61687, anterior part skull with 
II alveolus-M2; F:AM 61688, right partial 
ramus with p4-ml; F:AM 61688-1, left ra¬ 
mus with cl and p2 alveolus—m3; F:AM 
61688-2, left partial ramus with p4— ml and 
m2-m3 alveoli; F:AM 61688-3, right ramus 
with i 1—i3 alveoli, cl, pi alveolus—ml, and 
m2-m3 alveoli; F:AM 61688-4, right ramus 
with cl, p2—m2, and m3 alveolus; F:AM 
61688-5, right ramus with cl root, p2—p3 al¬ 
veoli, p4—m2, and m3 alveolus; F:AM 
61688-6, left partial ramus with p3—m2; F: 
AM 61688-7, right ramus with cl and p2- 
m2; F:AM 61688-8, left partial ramus with 
p3-m2; F:AM 61688-9, right partial ramus 
with il broken—cl, p2—p3 alveoli, and p4— 
ml; F:AM 61689, left partial ramus with cl 
and p2 alveolus-ml; F:AM 61689-1, left ra¬ 
mus with cl and p2-m2; F:AM 61689-2, 
right ramus with cl and p3—ml; F:AM 
61689-3, left partial ramus with p3 broken- 
mi and m2-m3 alveoli; F:AM 61689-4, right 
and left rami with i3—cl, p2 alveolus—m2, 
and m3 alveolus; F:AM 61689-5, left ramus 
with cl, p2—p3 alveoli, p4— m2, and m3 al¬ 
veolus; F:AM 61689-6, right and left rami 
with i2—cl, p2—m2, and m3 alveolus; F:AM 
61689-7, right ramus with cl alveolus, p2 al¬ 
veolus—m2, and m3 alveolus; F:AM 61689- 
8, left ramus with cl alveolus, p2—m2, and 
m3 alveolus; F:AM 61689-9, left ramus with 
cl and p2-m3; F:AM 61690, right ramus 
with cl, pi—p2 alveoli, p4— m2, and m3 al¬ 
veolus; F:AM 61690-1, right ramus with cl, 
p2-m2, and m3 alveolus; F:AM 61690-2, left 
ramus with i3-cl, p2 broken—m2, and m3 
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alveolus; F:AM 61690-3, right and left rami 
with i2—cl and p3—m3 alveolus; F:AM 
61690-4, left ramus with cl, p2—p3 alveolus, 
p4-m2, and m3 alveolus; F:AM 61690-5, 
left ramus with cl, p2—m2, and m3 alveolus; 
F:AM 61690-6, right and left rami with i3- 
cl, p2 alveolus—m2, and m3 alveolus; F:AM 
61690-7, right ramus with p4— m2 and m3 
alveolus; F:AM 61690-8, left partial ramus 
with p4-m2 and m3 alveolus; F:AM 61690- 
9, left ramus with il broken—cl, p2 alveolus— 
m2, and m3 alveolus; F:AM 61691, left ra¬ 
mus with cl alveolus, p3—m2, and m3 alve¬ 
olus; F:AM 61691-1, left partial ramus with 
cl broken, p3—ml, and m2—m3 alveoli; F: 
AM 61691-2, right ramus with cl, p2-ml, 
and m2-m3 alveoli; F:AM 61691-3, right ra¬ 
mus with cl and p2 alveoli, p3—m2, and m3 
alveolus; F:AM 61691-4, right partial ramus 
with cl and p2 alveolus—ml (p4 broken); F: 
AM 61691-5, right ramus with cl alveolus, 
p2-m2, and m3 alveolus; F:AM 61691-6, left 
ramus with cl alveolus and p2—m2; F:AM 
61691-7, right ramus with cl alveolus, p2— 
m2, and m3 alveolus; F:AM 61691-8, right 
ramus with cl, p2—m2 and associated meta¬ 
tarsals 1 and IV, and first and second phalan¬ 
ges; F:AM 61691-9, right ramus with cl, p2— 
m2, and m3 alveolus; F:AM 61692, right and 
left partial rami with cl and p2 alveolus—m3; 
F:AM 61692-1, left ramus with il-cl and 
p2-ml; F:AM 61692-2, right and left partial 
rami with p2 alveolus—m2 and m3 alveolus; 
F:AM 61692-3, left ramus with cl, p2-p3 
alveoli, and p4-ml; F:AM 61692-4, left ra¬ 
mus with cl and p4-m2; F:AM 61692-5, left 
ramus with cl and p2-m3; F:AM 61692-6, 
right ramus with i3—cl, p2—ml, and detached 
m2; F:AM 61692-7, left ramus with cl bro¬ 
ken and p2-m2; F:AM 61692-8, left ramus 
with cl and p2 alveolus-m2; F:AM 61692- 
9, right immature ramus with dp3—dp4 and 
ml-m2; F:AM 61693, left ramus with cl and 
p3-m2; F:AM 61693-1, right ramus with cl, 
p2-m2, and m3 alveolus; F:AM 61693-2, 
right partial ramus with p3— ml; F:AM 
61693-3, right ramus with cl and p2 alveo- 
lus-m3; F:AM 61693-4, right ramus with i3- 
cl and p2-m2; F:AM 61693-5, left ramus 
with cl and p2—p3 alveoli, p4— ml, and m2— 
m3 alveoli; F:AM 61693-6, right ramus with 
i 1—i2, cl, p2-m2, and m3 alveolus; F:AM 
61693-7, right and left rami with il—cl and 


p2-m2; F:AM 61693-8, left ramus with cl 
and p2-m3 alveolus; F:AM 61693-9, left ra¬ 
mus with il—cl, p2 alveolus—m2, and m3 al¬ 
veolus; F:AM 61694, right and left rami with 
cl, p2 alveolus—m2, and m3 alveolus; F:AM 
61694-1, left partial ramus with cl, p2 al¬ 
veolus—ml, and m2 alveolus; F:AM 61694- 
2, left partial ramus with cl and p2—ml; F: 
AM 61694-3, right and left rami with il-cl, 
p2-m2, and m3 alveolus; F:AM 61694-4, 
right and left rami with cl, p2—m2, and m3 
alveolus; F:AM 61694-5, right maxillary 
with Cl—Ml, right and left rami with cl, and 
p2-m2; F:AM 61694-6, right and left rami 
with i3-cl and p2-m3; F:AM 61694-7, left 
partial ramus with il—cl and p2—ml; F:AM 
61694-8, right ramus with cl and p2—m3; F: 
AM 61694-9, right ramus with il-cl and p2- 
m2; F:AM 61695, left ramus with i3-cl, pl- 
p2 alveoli, p4— m2, and m3 alveolus; F:AM 
61695-1, right partial ramus with p4— m2; F: 
AM 61695-2, left partial ramus with cl and 
p2-m2; F:AM 61695-3, left partial ramus 
with cl, p2—p3 alveoli, p4— m2, and m3 al¬ 
veolus; F:AM 61695-4, left partial ramus 
with p4 broken-m3; F:AM 61695-5, right 
and left partial rami with i2-cl and p2—m2; 
F:AM 61695-6, right partial ramus with p4— 
m2; F:AM 61695-7, left ramus with cl and 
p2 alveoli, p3—m2, and m3 alveolus; F:AM 
61695-8, right partial ramus with cl and p3— 
m2; F:AM 61695-9, right partial ramus with 
cl broken and p2 (detached)—m2; F:AM 
61696, right ramus with p4—ml and m2—m3 
alveoli; F:AM 61696-1, left ramus with cl 
broken, p2—m2, and m3 alveolus; F:AM 
61696-2, left ramus with il—cl and p2 al¬ 
veolus—ml; F:AM 61696-3, left partial ra¬ 
mus with ml—m2 and m3 alveolus; F:AM 
61696-4, right ramus with p4— m2 and m3 
alveolus; F:AM 61696-5, left ramus with p3— 
ml and m2-m3 alveoli; F:AM 61696-6, left 
ramus with p4-m3; F:AM 61696-7, left and 
right rami with i3—cl, p3—m2, and m3 alve¬ 
olus; F:AM 61696-8, right ramal fragment 
with p4-ml; F:AM 61696-9, left ramus with 
cl broken, p3—ml, and m2 alveolus; F:AM 
61697, left ramus with cl alveolus, p2, p3 
alveolus, p4—ml, and m2—m3 alveoli; F:AM 
61697-1, left ramus with cl and p2—ml; F: 
AM 61697-2, right ramus with cl and p2- 
m2; F:AM 61697-3, right ramus with p4- 
ml; F:AM 61698, immature skull with 13- 



290 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


NO. 243 


Cl erupting, dP2-dP4, P3-M1, and M2 
erupting; F:AM 61698-1, crushed immature 
skull with dCl, dP3-dP4, I3-C1 erupting, 
and Ml erupting, and both rami with i 1—i2, 
di3-dcl, pi, and dp3-dp4; F:AM 61698-2, 
immature anterior part skull with dI3, dP2— 
dP4, and P4-M1 erupting; F:AM 61698-3, 
left maxillary fragment with dP3-dP4; F:AM 
61698-4, right immature ramus with dp3— 
dp4 and ml-m2 erupting; F:AM 61698-5, 
left immature ramus with cl erupting, dp3— 
dp4, and ml erupting; F:AM 61698-6, right 
immature ramal fragment with il, di3, and 
dp2-dp4; F:AM 61698-7, left immature ra¬ 
mus with dp3-dp4; F:AM 61698-8, left im¬ 
mature ramus with dp3—dp4 and ml—m2 
erupting; F:AM 61698-9, left immature ra¬ 
mus with dp4 broken and ml erupting; F: 
AM 61699, left immature ramus with dp3— 
dp4; F:AM 98090, left ramus with p3—ml; 
F:AM 98091, left ramus with p2 alveolus- 
ml and m2 alveolus; F:AM 98092, left ra¬ 
mus with p3-m2; F:AM 98093, right ramus 
with p3-ml; F:AM 98094, left and right 
rami with p4-m2; F:AM 98095, left ramus 
with p4-ml; F:AM 98096, right ramus with 
p4-m2 and m3 alveolus; F:AM 98097, right 
ramus with cl and p3 broken—ml; F:AM 
98098, left ramus with cl and p4-m2; F:AM 
98099, right ramus with p3-m2; F:AM 
98100, right ramus with p4-ml; F:AM 
98101, right ramus with ml-m2; F:AM 
98102, right ramus with p4—ml and m2 al¬ 
veolus; F:AM 98103, left ramus with ml— 
m2; F:AM 98104, left ramus with p3-m2 
and m3 alveolus; F:AM 98105, left ramus 
with cl and p2 alveolus-m2; F:AM 98106, 
right ramus with p4—m2 and m3 alveolus; F: 
AM 98107, right ramus with p4-m2; F:AM 
98108, right ramus with p4 broken—m2 and 
m3 alveolus; F:AM 98109, left ramus with 
p4-m2 and m3 alveolus; F:AM 98110, right 
ramus with p4—m2; F:AM 98111, right ra¬ 
mus with ml-m2; F:AM 98112, left ramus 
with p4-ml; F:AM 98113, right ramus with 
i3-cl and p4-m2; F:AM 98L14, left ramus 
with p4-m2 and m3 alveolus; F:AM 98115, 
right ramus with p2—p3 alveoli, p4— m2, and 
m3 alveolus; F:AM 98116, left ramus with 
p4-m2; F:AM 98117, right ramus with p4- 
m2 and m3 alveolus; F:AM 98118, left ra¬ 
mus with p4—m2 and m3 alveolus; F:AM 
98119, left ramus with i3-cl and p2-m3; F: 


AM 98120, left ramus with p4-ml and m2- 
m3 alveoli; F:AM 98121, left and right rami 
with p4-m2 and m3 alveolus; F:AM 98122, 
right ramus with cl and p3—m2; F:AM 
98123, right immature ramus with cl erupt¬ 
ing, p3, dp3-dp4, and ml erupting; F:AM 
98124, left ramus with p4-m2; F:AM 98125, 
left and right rami with p2—m2; F:AM 
98126, right ramus with cl and p4—ml; F: 
AM 98127, right ramus with p3—ml broken; 
F:AM 98128 right ramus with cl and p3- 
m2; F:AM 98129, right ramus with p4-m2; 
F:AM 98130, left ramus with ml-m2; F:AM 
98131, left ramus with cl and p2—ml bro¬ 
ken; F:AM 98132, left ramus with p4-m3; 
F:AM 98133, right ramus with cl and p4- 
ml; F:AM 98134, right ramus with cl and 
p4-m2; F:AM 98135, left and right rami 
with il-cl and p3-m3; F:AM 98136, right 
ramal fragment with p4-ml; F:AM 98137 
and 98137A, left and right rami (one indi¬ 
vidual) with p3-m2; F:AM 98138, left ramus 
with p4-m2; F:AM 98139, right ramus with 
p4-m2; F:AM 98140, left ramus with m 1- 
m2; F:AM 98141 left ramus with p4-m2; F: 
AM 98142, right ramus with p4-ml; F:AM 
98143, right ramus with p4-m2; F:AM 
98144, left and right rami with il—cl and p3— 
m2; F:AM 98145, left ramus with cl and p2- 
m3; F:AM 98146, left ramus with p3-m2; F: 
AM 98147, right ramus with p4-m2; F:AM 
98148, left ramus with p4-m2; F:AM 98149, 
left ramus with p3-m3; F:AM 98150, left ra¬ 
mus with p4-m2; F:AM 98151, left ramus 
with p4-m2; F:AM 98152, right ramus with 
cl, p2, and p4; F:AM 98153 left and right 
rami with i2—cl, p3—ml, and m2—m3 alveoli; 
F:AM 98154, right maxillary with P2-M1; 
F:AM 98155, right maxillary with P4-M1; 
F:AM 98156, left maxillary with P3-M2; F: 
AM 98157, right maxillary with P4-M1; F: 
AM 98158, left maxillary with P4-M1; F: 
AM 98159, left maxillary with P4-M1; F: 
AM 98160, partial crushed palate with Cl— 
Ml; F:AM 98161, left maxillary with P3- 
P4; F:AM 98162, left ramus with p3-p4; F: 
AM 98163, left maxillary with P4-M2; F: 
AM 98164, crushed skull with 13, PI—Ml, 
and both rami with cl and p2—m3; F:AM 
98165, left maxillary with P4-M1; F:AM 
98166, left maxillary with P4-M1; F:AM 
98167, anterior part skull with I1-M2; F:AM 
98168, crushed partial skull with Cl, P2 bro- 
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Fig. 123. Borophagus secundus. A, Lower teeth and B, ramus, F:AM 23350, Coffee Ranch Quarry, 
Ogallala Group (late Hemphillian), Hemphill County, Texas. C, Lower teeth and D, ramus, AMNH 
13831, holotype, Johnson Member, Snake Creek Formation (late Hemphillian), Sioux County, Nebraska. 
E, Lower teeth and F, ramus (reversed from right side), F:AM 18126, Mt. Eden Fauna, Mt. Eden 
Formation (late Hemphillian), Riverside County, California. G. Upper teeth and H, lateral view of 
maxillary (reversed from right side), F:AM 18130, Mt. Eden Fauna. The shorter (upper) scale is for B, 
D, F, and H. and the longer (lower) scale is for the rest. 


ken—Ml, and left ramus with i2-cl and p4— 
m3; F:AM 98169, crushed skull with 11, 13, 
Cl broken, and P4-M2; F:AM 98170, 
crushed articulated skull and mandible with 
all upper and lower teeth; F:AM 98171, an¬ 
terior part skull with Cl broken and P4 bro- 
ken-M2; F:AM 98172, partial palate with Cl 
and P3 broken-M2; F:AM 98173, left pre¬ 
maxillary-maxillary with 12-P2 and P4-M2; 


F:AM 98174, right immature maxillary with 
Cl erupting, dP4, P4 erupting and Ml; F: 
AM 98175, right maxillary with M1-M2; F: 
AM 98176, right immature ramus with cl, 
dp3, and p4 erupting; F:AM 98177, right ra¬ 
mus with p4— ml and m2 alveolus; F:AM 
67917 and 67917A-C, left humerus and 
three right distal part humeri; F:AM 67916, 
left radius and ulna with distal ends missing; 
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Fig. 124. Borophagus secundus. A, Lateral. B, enlarged occlusal, C, ventral, and D, dorsal views 
of skull and upper teeth. F:AM 23350, Coffee Ranch Quarry. Ogallala Group (late Hemphillian), Hemp¬ 
hill County, Texas. The shorter (upper) scale is for A, C, and D, and the longer (lower) scale is for B. 


F:AM 67918 and 67918A—D, two right and one right, six partial right, and one partial left 

three left radii; F:AM 67918E-H, one right ulnae; F:AM 67920 and 67920A, B, left fe- 

and three left incomplete radii with distal mur and right and left incomplete femuri; F: 

ends missing; F:AM 679181-M, five proxi- AM 67921 and 67921A, B, right tibia and 

mal part radii; F:AM 67919 and 67919A-G, two right distal part tibiae; F:AM 67927 and 
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Fig. 125. Borophagus secundus. A, Lower teeth and B, ramus, AMNH 18919 (holotype of Hyaenognathus direptor), Pliohippus Draw, Johnson 
Member, Snake Creek Formation (late Hemphillian), Sioux County, Nebraska. C, Lower teeth, D, ramus, E, lateral, F, enlarged occlusal, G, 
ventral, and H, dorsal views of skull (nasal restored from right side) and upper teeth (13, P2—P3, and Ml from right side), F:AM 61640, Edson 
Quarry, Ogallala Group (late Hemphillian), Sherman County, Kansas. The shorter (upper) scale is for B, D, E, G, and H, and the longer (lower) 
scale is for the rest. 
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67927A-G, eight metacarpals I; F:AM 
67923 and 67923A-L, 13 metacarpals II; F: 
AM 67924 and 67924A-J, 11 metacarpals 
III; F:AM 67925 and 67925A-F, seven meta¬ 
carpals IV; F:AM 67926 and 67926A-E, six 
metacarpals V; F:AM 67927 and 67927A, B, 
three metatarsals I; F:AM 67927C-I, seven 
metatarsals II; F:AM 67928 and 67928A-C, 
two complete and two proximal part meta¬ 
tarsals 111; F:AM 67928D-G, one complete 
and three partial metatarsals IV; F:AM 67929 
and 67929A-G, eight metacarpals V; F:AM 

67930 and 67930A-S, 19 calcanea; F:AM 

67931 and 67931A-I, 10 astragali; carpals, 
tarsals and phalanges; OMNH 15165 (OMP 
40-1-S21), anterior part of skull and mandi¬ 
ble with 13—Ml, cl, and p4-m2 (Savage, 
1941: pi. 1, fig. 10); and additional 8 OMNH 
specimens listed by Savage (1939; see Cza- 
plewski et al., 1994). 

Leyden Quarry, Chamita Formation (late 
Hemphillian), Rio Arriba County, New Mex¬ 
ico: F:AM 61637, left ramus with cl, p3 al¬ 
veolus—ml (ml broken), and m2—m3 alveoli. 

Mt. Eden Fauna (late Hemphillian), Mt. 
Eden Formation, Riverside County, Califor¬ 
nia: F:AM 18126, right partial adolescent ra¬ 
mus with detached dp4 and i 1—i3 all broken, 
cl erupting, p2, p3— p4 erupting and ml (fig. 
123E, F); F:AM 18129, left maxillary frag¬ 
ment with P2-P4, and Ml broken; F:AM 
18129A, right isolated M2; F:AM 18130, 
right partial maxillary with P4—M2 (fig. 
123G, H); F:AM 18131, right partial maxil¬ 
lary with P2, and P3 alveolus-M2 (P4 bro¬ 
ken); F:AM 18132, right maxillary fragment 
with P4-M1; F:AM 18 123C, left partial ra¬ 
mus with ml—m2 and m3 alveolus; F:AM 
18126N, right partial ramus with p2—p3 both 
broken, p4—m2 and m3 alveolus; F:AM 
181260, right partial ramus with p3—p4 and 
ml broken; F:AM 18126P, detached p4 and 
ml broken; F:AM 18126Q, right ramal frag¬ 
ment with p4 and ml broken; and F:AM 
18126X, left ramal fragment and symphysis 
with il—cl all broken, p2—p3, and p4 broken. 

Rhino Island (LACM loc. 3942), Modesto 
Reservoir Local Fauna, Mehrten Formation 
(late Hemphillian), Stanislaus County, Cali¬ 
fornia: LACM 62705, left partial premaxil¬ 
lary-maxillary with Cl and P2-M2. 

Distribution: Early Hemphillian of Ne¬ 
braska; and late Hemphillian of Nebraska, 


Kansas, Oklahoma, Texas, New Mexico, 
California, Mexico, Honduras, and El Sal¬ 
vador. 

Emended Diagnosis: B. secundus is de¬ 
rived relative to B. parvus and more primi¬ 
tive species in having a shorter muzzle; pal¬ 
ate wider at P4; pi mostly absent; anterior 
premolars crowded; p4 more robust, taller 
crowned, more posteriorly directed, smaller 
posterior accessory cusplet that is more 
closely appressed against posterior cingulum, 
and transverse diameter approaching or ex¬ 
ceeding that of trigonid of ml; ml talonid 
narrow relative to trigonid; and mandibular 
ramus short and robust with marked lateral 
deflection of the dorsal part of the horizontal 
ramus and the toothrow. B. secundus is prim¬ 
itive relative to B. hilli and B. diversidens in 
having a frontal sinus not greatly expanded 
toward inion, paroccipital process not greatly 
elongated, 13 not prominently enlarged, P4 
with strong parastyle and protocone less re¬ 
duced, P4 and Ml with stronger labial cin¬ 
gulum, P4—Ml not as massive relative to an¬ 
terior premolars and M2, m2 metaconid 
equal or higher than protoconid, and man¬ 
dibular ramus not as massive nor with such 
lateral curvature of dorsal part of horizontal 
ramus and toothrow. 

Description and Comparison: Abundant 
materials are available for Borophagus se¬ 
cundus, especially from the late Hemphillian 
of Texas and Kansas, making this species the 
best represented of any Borophaginae. Ex¬ 
cellent cranial and postcranial material from 
the Coffee Ranch have long been known 
through Matthew and Stirton’s (1930) early 
study, which provides ample illustrations of 
this species. More recently, Harrison (1983) 
has also described the large, exquisitely pre¬ 
served sample from the Edson Quarry, Kan¬ 
sas. 

The most prominent features of this spe¬ 
cies are its domed forehead and shortened 
muzzle. Dissection of an undistorted skull (F: 
AM 61640) from the Edson Quarry reveals 
a frontal sinus approximately 80 mm long 
and 25 mm deep. The sinus extends anteri¬ 
orly to the posterior tip of the nasal process 
and penetrates posteriorly to the middle part 
of braincavity (at approximately the same 
cross-sectional level as the external auditory 
meatus). The sinus is partitioned by partial 
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septa but does not penetrate the postorbital 
process. Shortening of the rostrum causes the 
posterior tip of the premaxillary process to 
reach to the level of the antorbital rim, and 
the posterior border of the palate is contract¬ 
ed anteriorly to lie in front of the posterior 
border of the M2, although the shortening of 
rostrum is not very pronounced in the cranial 
ratio diagram (length of PI—M2 in fig. 118). 
The facial region lateral to the infraorbital 
foramen is abruptly widened, as it is in B. 
diversidens. This proportional difference is 
also reflected in the ratio diagram (fig. 118), 
which shows a much wider palate width at 
P4 than that at PI. Another prominent feature 
of this species is a wide and deep zygomatic 
arch, also shown in the ratio diagram. 

Despite the large amount of material avail¬ 
able from widespread geographic areas, den¬ 
tal proportions are rather stable, as shown by 
the generally low values of the coefficient of 
variation (appendix 111). Exceptions are 
found in the lower premolars, especially in 
p2—p3, whose dimensions vary extensively 
due to the shortening of jaws that causes 
overcrowding, reduction, and loss of pi 
(sometimes p2 as well). The pi is present in 
only 3.4% (4 out of 118) of all individuals 
that have preserved anterior rami (many 
more are not counted because slight damage 
in this area can obliterate a very small and 
shallow alveolus of pi). Richey (1979: 109), 
on the other hand, found a 16% presence of 
pis (total sample of 74 rami) among the Cof¬ 
fee Ranch specimens. The difference seems 
to lie in Richey’s interpretation of certain 
rami as having had a pi that was broken off 
and eventually healed. Our own estimate is 
thus more conservative. This discrepancy of 
the estimates aside, the p 1 is largely lost both 
functionally and statistically. The 13 com¬ 
pletely lacks lateral accessory cusplets. Be¬ 
cause the PI—P3 and p2—p3 are nonocclud¬ 
ing, the shapes of these teeth tend to vary 
freely. Reflecting the extremely shortened 
muzzle, the P2—P3 are often entirely trans¬ 
versely oriented to be accommodated in the 
short space. This imbrication tends to be less 
severe in the lower premolars because they 
are shorter than their upper counterparts. The 
P4 still has a strong parastyle and the Mia 
weak labial cingulum, both of which are lost 
in more derived taxa (e.g., B. diversidens). 


The tip of the main cusp of p4 is generally 
higher than the ml paraconid, in contrast to 
the lowercrowned p4s in B. parvus, and it is 
prominently sloped posteriorly, almost 
touching the anterior border of the ml para¬ 
conid. This recumbent main body of the p4 
tends to compress the posterior accessory 
cusplet against the posterior cingulum. In oc¬ 
clusal view, the p4 assumes a rather trian¬ 
gular outline due to the broadening of the 
posterior edge of the tooth. Broadening of 
the palate at P4 also results in a correspond¬ 
ing lateral displacement of the p4 to the ex¬ 
tent that the p4 often overhangs the labial 
face of the ramus. Continuing the hypercar- 
nivorous trend, the ml talonid is reduced 
(both shortened and narrowed). The ml and 
m2 metaconids are not especially reduced in 
height, although the ml entoconid is smaller 
than the hypoconid in occlusal view due to 
the shortening of the talonid on the lingual 
side. The m2, on the other hand, is relatively 
unreduced compared to those of B. hilli and 
B. diversidens. 

Discussion: Matthew and Cook (1909) es¬ 
tablished a new “mutant,” Aelurodon saevus 
secundus, from the Snake Creek Formation 
of Nebraska. They considered it closely re¬ 
lated to Borophagus (Hyaenognathus in the 
early days). However, Matthew (1924) sub¬ 
sequently named another species from the 
Upper Snake Creek beds, Hyaenognathus di- 
reptor, without comparing it to his earlier 
taxon (lower teeth of the holotype of B. di- 
reptor, AMNH 18919, are more robust than 
those of the type of B. secundus, AMNH 
13831, although such a difference is within 
individual variations of B. secundus from 
well-sampled quarries, such as Edson Quarry 
and Coffee Ranch Quarry). Later, Matthew 
and Stirton’s (1930) study of the excellent 
Coffee Ranch materials further shifted the at¬ 
tention from secundus by referring the Texas 
materials to Borophagus cyonoides Martin, 
which became the type species of the new 
genus Osteoborus of Stirton and VanderHoof 
(1933). The latter authors admitted that se¬ 
cundus was very closely related to O. cyon¬ 
oides (Stirton and VanderHoof, 1933: 178), 
but opted to maintain the two species as dis¬ 
tinct because of the perceived possibility that 
most secundus specimens from the Snake 
Creek Formation might have a pi, in contrast 
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to the general absence of a pi in individuals 
from Kansas and Texas. Since then, the 
Snake Creek names secundus and direptor 
were mostly ignored, and O. cyonoides, 
based on more complete materials from Tex¬ 
as and Kansas, came to symbolize this line¬ 
age of hyenalike dogs. 

Topotype materials of secundus and direp¬ 
tor from the Snake Creek Formation are still 
limited to fragmentary upper and lower jaws. 
However, they preserve enough dental mor¬ 
phology together to confidently identify them 
as conspecific with the far more numerous 
materials from Texas and Kansas. Richey 
(1979: fig. 7) demonstrated that the width of 
p4 in the holotypes of secundus and direptor 
falls within the range of 2 units of standard 
deviation of the mean of the Coffee Ranch 
sample. Harrison (1983: 22) further stated 
that “future investigation may well indicate 
that at least O. secundus, O. direptor, and O. 
cyonoides are conspecific.” We agree with 
this latter assessment, and accordingly rec¬ 
ognize Matthew and Cook’s (1909) subspe¬ 
cific name as having priority (which also im¬ 
plies that secundus becomes the type species 
of Osteoborus if the genus is ever used 
again). 

A partial maxillary with Cl and P2-M2 
(LACM 62705) from the late Hemphillian 
Modesto Reservoir Local Fauna of the Mehr- 
ten Formation is provisionally referred to 
Borophagus secundus. This specimen has a 
large M2, found in most B. secundus, but 
possesses a peculiar P4 with a rather reduced 
parastyle, which is only found in B. hilli and 
B. diversidens. This combination of primitive 
and derived features in LACM 62705 may 
suggest a distinct species, but such a deter¬ 
mination must await additional specimens. In 
any case, the presence of LACM 62705 in 
the Mehrten Formation is the only evidence 
of co-occurrence of two species of Boropha¬ 
gus ( B. parvus and B. secundus) in the late 
Hemphillian of North America. 

Borophagus secundus is the earliest taxon 
to assume the cranial and dental proportions 
of advanced Borophagus-. extremely short¬ 
ened rostrum, broadened palate, imbricated 
P2—P3 and p2—p3, and robust, high-crowned 
p4. The abundant fossil record of this species 
and its wide geographic occurrence attest to 
the success of this “hyenoid” dog. 


Borophagus hilli (Johnston, 1939) 

Figure 126 

Osteoborus hilli Johnston, 1939a: 895, figs. 1-4. 

Richey. 1979: 107. Munthe, 1998: 137. 
Osteoborus progressus Hibbard, 1944: 107, pi. X, 
figs. 1-4. Richey, 1979: 107. 

Osteoborus crassapineatus Olsen, 1956b: 1, pi. 1, 
figs. 1-3. 

Borophagus sp.: Gazin. 1936: 285. Bjork, 1970: 

16. Gustafson. 1978: 37, fig. 21B. 

Borophagus crassapineatus (Olsen): Richey, 
1979: 107. 

Borophagus ?diversidens (Cope, 1892): Miller. 
1980: 786, figs. 12, 13. 

Borophagus diversidens Cope, 1892: Lucas and 
Oakes, 1986: 250, fig. 4C-G. 

Holotype: TWM 1558 (AMNH cast 
113946), right anterior part of skull with II— 
12 alveoli, 13—Cl, PI alveolus, and P2-M2, 
and left ramus with cl and p2 alveoli and 
p3—m3 (fig. 126A—E) from the Axtel Ranch 
Locality, Harrell Ranch, Ogallala Group (late 
late Hemphillian), Randall County, Texas. 

Referred Specimens: From the type local¬ 
ity: TWM 1643, partial left ramus with il— 
p3 alveoli and p4—m2; TWM 2361, partial 
left ramus with p2 alveolus-ml; TWM 2418, 
left and right maxillary fragments with PI 
alveolus—M2; TWM 2419, partial left ramus 
with p2-p3 alveoli and p4-m2; UCMP 
43306, right maxillary fragment with P3-M1 
(fig. 126F, G). 

Saw Rock Canyon Local Fauna, Ogallala 
Group (late late Hemphillian or early early 
Blancan), Seward County, Kansas: KUVP 
6791 (AMNH cast 45998), right and left 
rami with p3 and p4 broken—m3 (holotype of 
Osteoborus progressus Hibbard, 1944: figs. 
1-4). 

Christian Place Quarry, Christian Ranch 
Local Fauna, Ogallala Group (late late Hem¬ 
phillian), southwest of Claude, Armstrong 
County, Texas: F:AM 67387A, left ramus 
with cl, p2 alveolus—ml, and m2 alveolus 
(fig. 126H, I). 

Palmetto Fauna (“Upper Bone Valley Fau¬ 
na” of Tedford et al., 1987), Bone Valley 
Formation (late late Hemphillian), Polk and 
Manatee counties, Florida: American Agri¬ 
cultural Chemical Co. Mine: UF V-5644 
(AMNH cast 55564), right partial ramus with 
p4—ml (holotype of Osteoborus crassapi¬ 
neatus Olsen, 1956b: figs. 1—3; referred to O. 
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dudleyi by Webb, 1969b: 283). Four Corners 
Mine’ (IMC-Agrico Co.): AMNH 129880, 
left P4. Fort Green Mine: UF 43573, partial 
left ml; UF 45974, partial right P4; UF 
53979 (cast from private collection of Rick 
Carter), left ramus with cl and p2 alveoli, 
and p3-ml broken; UF 60822, partial right 
ml; and UF 114519, partial left ml. Gardi- 
nier Mine: UF 100217, partial right ml. CF 
Industries Mine: UF 130118, partial right 
ml. District Grade Mine: UF 22912, partial 
left maxillary with P4-M1; and UF 124526, 
left ramal fragment with p4. Swift Mine: UF 
45940, left and right rami with cl, p2 alve¬ 
olus, and p3—m2. Whidden Creek: UF 
123694, right ramal fragment with erupting 
ml; UF 131975, left P4; UF 133947, im¬ 
mature right maxillary fragment with erupt¬ 
ing P4-M1; UF 133948, right maxillary 
fragment with Ml; and UF 123693, left ra¬ 
mal fragment with ml. Locality unknown: 
UF 50758, right ramal fragment with ml al¬ 
veolus and m2. AgriCo Phosphate Co.: BF 
OB-16, right maxillary fragment with P4— 
Ml. Cargill (formerly Gardner) Phosphate 
Mine, Bird Clog Site, near Fort Meade: BF 
OB-2, right maxillary fragment with P4; BF 
OB-3, isolated left ml; BF OB-5, isolated 
right P4; BF OB-7, right ramal fragment with 
p4—ml; and BF OB-17, left maxillary frag¬ 
ment with P4. 

Hagerman Local Fauna, Glenns Ferry For¬ 
mation (early early Blancan), Hagerman Fos¬ 
sil Beds National Monument, Twin Falls 
County, Idaho: USNM 12616, edentulous 
left ramus with p4— m2 alveoli (referred to 
Borophagus sp. by Gazin, 1936: 285; Bjork, 
1970: 16). North of Peters Gulch: HAFO 266 
(AMNH cast 129877), left ramus with i2-i3 
alveoli, cl, p2—p3 alveoli, p4— ml, and m2— 
m3 alveoli (referred to Osteoborus hilli by 
McDonald, ms). 

Ringold Formation (early Blancan), Ben¬ 
ton County, Washington: White Bluffs 
(UWBM loc. A6503): UWBM 35115, left 
p4, 40 ft above White Bluffs tuff (referred to 
Borophagus sp. by Gustafson, 1978: 37, fig. 
21B). 

Cuchillo Negro Creek Local Fauna, near 
Truth or Consequences, Palomas Formation 
(early Blancan), Sierra County, New Mexico: 
UNM loc. 303: UNM P-060, right ramus 
with i2—cl and p2—m2 (referred to Boropha¬ 


gus diversidens by Lucas and Oakes, 1986: 
fig. 4E-G). 

Las Tunas, beds correlated with the Salada 
Formation (early Blancan), southern Baja 
California, Mexico: 1GM 2297 (AMNH cast 
129314), right ramus with p3—m2 (referred 
to Borophagus ?diversidens by Miller, 1980: 
fig. 13); and IGM 2298 (AMNH cast 
129315), right ramus fragment with p4— ml 
(referred to Borophagus ?diversidens by 
Miller, 1980: fig. 12). 

Distribution: Late late Hemphillian of 
Kansas, Texas, and Florida; and early Blan¬ 
can of Idaho, Washington, New Mexico, and 
Mexico. 

Emended Diagnosis: Derived characters 
that distinguish B. hilli from B. secundus and 
more primitive species of Borophagus are 
enlarged 13, P4 parastyle further reduced and 
protocone absent, P4 and Ml lacking labial 
cingulum, P4—Ml massive and larger rela¬ 
tive to premolars and M2, p4 width equal to 
that of ml trigonid, shortening of ml talonid 
on entoconid side, metaconid of m2 lower 
than protoconid, and mandibular ramus mas¬ 
sive with more lateral curvature of dorso- 
medial part of horizontal ramus and tooth- 
row. B. hilli is more primitive than B. div¬ 
ersidens in having low mandibular condyle, 
13 less prominently enlarged, PI— P3 and p2— 
p3 less extremely reduced, P4 less robust and 
broad, presence of P4 parastyle. Ml meta- 
conule less reduced, presence of posterior ac¬ 
cessory cusplet on p4, metaconids and en- 
toconids on lower molars less reduced, ml 
trigonid less broadened, and m2 less ex¬ 
tremely shortened. B. hilli can be distin¬ 
guished from B. dudleyi in its less broadened 
palate and posterior palatine border anterior 
to the posterior margin of M2. 

Description and Comparison: Except for 
two fragmentary jaws (UCMP 43306 and F: 
AM 673 87A), most materials presently re¬ 
ferred to Borophagus hilli have previously 
been described under different names. Al¬ 
though still represented by a small sample 
from all localities, a modest gain in knowl¬ 
edge of this species is possible by pooling 
two previous nominal species ( crassapinea- 
tus and progressus) into B. hilli. 

Knowledge about the cranial morphology 
of Borophagus hilli is still limited to the par¬ 
tial palate of the holotype. It shows a broad- 
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Fig. 126. Borophagus hilli. A, Lateral, B, enlarged occlusal, and C, ventral views of partial skull 
and upper teeth (M2 from right side), D. lower teeth, and E, ramus, TWM 1558, holotype, Axtel Ranch 
Locality, Ogallala Group (late late Hemphillian), Randall County, Texas. F, Upper teeth and G, lateral 
view of maxillary (reversed from right side), UCMP 43306, Axtel Ranch Locality. H, Lower teeth and 
I, ramus, F:AM 67387A, Christian Place Quarry, Ogallala Group (late late Hemphillian), Armstrong 
County, Texas. The shorter (upper) scale is for A, C, E, G, and I, and the longer (lower) scale is for 
the rest. 


ening of the palate similar to that in B. se¬ 
at nd us but distinctly less broadened than in 
B. dudleyi and B. diversidens. Another fea¬ 
ture of B. hilli and B. diversidens is its an¬ 
teriorly located posterior palatine border, 
which is anterior to the posterior border of 
the M2, in contrast to that in B. dudleyi. 


which has a more posteriorly located palatine 
border relative to the last molar. 

Borophagus hilli is intermediate in most 
dental measurements between B. secundus 
and B. diversidens, as seen in the ratio dia¬ 
gram (fig. 119); it is, on average, 7% larger 
than secundus and 6% smaller than diversi- 
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dens. The 13 is strong and more than twice 
as large as 12. The P2—P3 are not as extreme¬ 
ly reduced as in B. diversidens. Although the 
P4 parastyle is still present, it is relatively 
smaller than those seen in B. secundus. Its 
protocone has all but disappeared, although 
its root is still retained. The P4 is rather slen¬ 
der in contrast to the much more robust 
(wide) P4s in B. diversidens. The M l is com¬ 
pletely free of any trace of a labial cingulum. 
The enlargement of the p4 has reached the 
stage where the width of p4 is equal to that 
of the ml trigonid. The posterior accessory 
cusp is correspondingly reduced but not to¬ 
tally lost as it is in B. diversidens. The meta- 
conid of ml is still present. The m2 is not as 
reduced as in B. diversidens. The metaconid 
of m2 on the holotype is very small and little 
worn and is presumably much lower than the 
protoconid (worn flat in all specimens). The 
mandibular condyle is not as prominently el¬ 
evated above the toothrow as is in B. diver¬ 
sidens. 

Discussion: Johnston (1939a) compared 
his Osteoborus hilli with O. secundus (= 
cyonoides) and B. diversidens and considered 
hilli to be intermediate, a conclusion agreed 
to by all later authors, including us. Shortly 
afterward, Hibbard (1944) named a new spe¬ 
cies, O. progressus, noting its advanced fea¬ 
tures shared with diversidens but without 
mention of Johnston’s earlier name. Al¬ 
though somewhat later in occurrence (latest 
Hemphillian or earliest Blancan of Kansas) 
than that of B. hilli, the holotype of progres¬ 
sus is easily referable to B. hilli. 

Dental materials from the Bone Valley 
Formation compare favorably with the ho¬ 
lotype of Borophagus hilli. We consider Os¬ 
teoborus crassapineatus to be conspecific 
with hilli (its disproportionately large canine 
on the holotype probably does not belong to 
this individual). The presence of a P4 par¬ 
astyle and a p4 posterior accessory cusplet in 
O. crassapineatus is similar to the condition 
in the holotype of B. hilli, but is clearly more 
primitive than in B. diversidens which has 
lost both of these structures (see more dis¬ 
cussion under B. dudleyi). 

As presently construed, Borophagus hilli 
spans the late late Hemphillian through early 
Blancan (mostly Blancan I and II of Repen¬ 
ning, 1987). Although individuals from the 


early Blancan tend to be referred to B. div¬ 
ersidens (e.g.. Miller, 1980; Lucas and Oak¬ 
es, 1986), they are generally closer to B. hilli 
in size and morphology. The extremely de¬ 
rived condition of B. diversidens seems to 
have been acquired in the latest early Blan¬ 
can. 

Borophagus dudleyi (White, 1941) 

Figure 127 

Pliogulo dudleyi White, 1941a: 67, pis. 10, 11. 
Osteoborus dudleyi (White): Webb, 1969b: 281 

(in part). Munthe, 1998: 137. 

Holotype: MCZ 3688, skull with only 
right P3 and alveoli of most other teeth (fig. 
127), Phosphate pits near Mulberry, Palmetto 
Fauna (“Upper Bone Valley Fauna” of Ted- 
ford et al., 1987), Bone Valley Formation 
(late late Hemphillian), Polk County, Florida. 

Referred Specimens: Holotype only. 

Distribution: Late late Hemphillian of 
Florida. 

Emended Diagnosis: Borophagus dudleyi 
shares with B. diversidens advanced cranial 
features that are distinguishable from B. se¬ 
cundus-. highly expanded frontal sinus, wid¬ 
ened and posteriorly expanded palate, elon¬ 
gated paroccipital process, and reduced M2. 
It differs from B. diversidens in its extremely 
posteriorly expanded frontal sinus that al¬ 
most reaches to the inion, laterally extended 
postorbital process of frontal, and procum¬ 
bent upper incisors. 

Description and Comparison: The holo¬ 
type skull, MCZ 3688, is still the only spec¬ 
imen for this species. The excellently pre¬ 
served skull offers an undistorted view of its 
cranial morphology. MCZ 3688 is the largest 
individual among known species of Boro¬ 
phagus. It is 12% larger (in basal length of 
skull) than the only complete skull of B. div¬ 
ersidens, MSU 8034. However, MSU 8034 
clearly falls within the lower range of B. div¬ 
ersidens, as its teeth are generally small, and 
most individuals of B. diversidens have larg¬ 
er teeth than those of MSU 8034 (see appen¬ 
dix III). Therefore, B. dudleyi is probably 
quite close to B. diversidens in size. A ratio 
diagram for cranial measurements (fig. 118) 
shows that B. dudleyi mostly follows the pat¬ 
tern of B. diversidens. 

The most prominent advancement of the 
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skull of Borophagus dudleyi over that of B. 
secundus is its posterior expansion of the 
frontal sinus (fig. 127). Through small break¬ 
ages on the skull roof of MCZ 3688, the si¬ 
nus can be seen to extend far backward, al¬ 
most to the inion of the skull. Although the 
frontal—parietal suture is not visible due to 
complete fusion, the frontal sinus must have 
penetrated beyond the suture to form a large 
air space between the braincavity and the top 
of the skull roof. Externally, the extent of the 
frontal sinus can also be traced by a slight 
bulge of the skull roof due to the expansion 
of sinus beneath it. This posterior expansion 
of the sinus causes a posterior shift of the 
forehead dome in lateral profile (fig. 127). 
Thus, instead of being at a level slightly be¬ 
hind the orbit, such as in B. secundus (fig. 
124) and B. diversidens (fig. 129), the high 
dome of the skull roof is shifted to the mid¬ 
dle of the braincase. The paroccipital process 
is elongated relative to that in B. secundus. 
The postorbital process of frontal is more lat¬ 
erally expanded than in B. diversidens. The 
posterior border of the palate is expanded be¬ 
hind the posterior border of the last molar. 

The essential lack of teeth on the holotype 
precludes meaningful comparison with other 
species, and observations can only be made 
on the alveoli. Judging from their alveoli, the 
upper incisors are more procumbent than in 
either B. secundus or B. diversidens. The P3 
is small, both relative to the skull size and 
the P4 (alveoli only), indicating further re¬ 
duction of premolars from the condition in 
B. hilli. 

Discussion: The identity of Borophagus 
dudleyi (MCZ 3688) is difficult to settle be¬ 
cause of its lack of teeth. Contrary to the 
generally smaller teeth from the Bone Valley 
materials relative to those of B. diversidens, 
the skull of B. dudleyi is 12% larger (in basal 
length of skull) than the only measurable 
skull of B. diversidens, MSU 8034 (however, 
note that MSU 8034 may represent a small 
individual among B. diversidens). In addition 
to its large size and elaborate frontal sinus, 
the cranial morphology of MCZ 3688 is that 
of a highly advanced Borophagus (e.g., wid¬ 
ened palate, elongated paroccipital process). 
An obvious question is whether MCZ 3688, 
lacking almost all teeth, belongs to the same 
species as represented by most dental mate¬ 


rials from the Bone Valley (presently referred 
to B. hilli). Based on measurements of the 
alveoli for MCZ 3688, Webb (1969b) assert¬ 
ed that B. dudleyi and B. crassapineatus have 
similar dental dimensions and contended that 
there is only one large borophagine in the 
Bone Valley Formation, that is, dudleyi is 
synonymous to crassapineatus. We chose to 
retain B. dudleyi as distinct. Its many derived 
features discussed above seem to indicate 
that B. dudleyi is a unique lineage of its own. 

Borophagus diversidens Cope, 1892 
Figures 128-130 

Borophagus diversidens Cope. 1892: 1028; 1893: 
54, pi. XIII, fig. 4. Merriam, 1903: 281, figs. 2, 
4, 5. Matthew and Stirton, 1930: 173. 

VanderHoof, 1931: 18; 1936: 415, fig. 1 (in 
part); 1937: 389. Johnston, 1939a: 896. Meade, 
1945: 520, pi. 48, fig. 4. Hibbard and Riggs, 
1949: 838, fig. IF. H, I. Hibbard, 1950: 159, 
fig. 18. Dalquest, 1968: 115, figs. 1-4. Skinner 
et al„ 1972: 108, fig. 49. Richey, 1979: 107. 
Munthe, 1998: 137. Miller and Carranza-Cas- 
taneda, 1998: 458. 

Felis hillianus Cope, 1893: 55, pi. XIV, figs. 1— 
11 . 

Hvaenognathus pachyodon Merriam. 1903: 287, 
figs. 1, 3, pi. 28, figs. 1, 2. Matthew. 1924: 102. 
Matthew and Stirton. 1930: 179, figs. 1, 2. 
VanderHoof, 1931: 19. Colbert, 1939:^65. 
Hvaenognathus ? ( Porthocyonl) dubius Merriam, 
1903: 283, pis. 29, 30. VanderHoof, 1931: 19. 
Hvaenognathus ( Porthocyon) matthewi Freuden- 
berg, 1910: 209, figs. 3, 4. 

(?) Hvaenarctos ( Borophagus) diversidens 
(Cope): Frick, 1926: 93. 

Hvaenognathus cf. H. pachyodon (Merriam): 
Russell and VanderHoof, 1931: 19, fig. 7. 
VanderHoof, 1933: 382. 

Hvaenognathus matthewi (Freudenberg): Vander¬ 
Hoof, 1931: 18. Stock, 1932: 263. 
Hvaenognathus solus Stock, 1932: 263, pi. 14, 
figs. A, B. 

Hvaenognathus dubius (Merriam): Stock, 1932: 
263. 

Canis dims (Leidy, 1858): VanderHoof. 1936: 
415 (TMM 40287-11). 

Borophagus pachyodon (Merriam): VanderHoof, 
1936: 415. Stirton, 1939b: 389. Richey, 1979: 
107. Munthe, 1998: 137. 

Borophagus solus (Stock): VanderHoof. 1936: 

415. Schultz. 1937: 98. Richey, 1979: 107. 
Borophagus matthewi (Freudenberg): Vander¬ 
Hoof, 1936: 415. Richey, 1979: 107. 
Borophagus sp.: Shotwell. 1970: 77, fig. 36F. 
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Osteoborus hillianus (Cope): VanderHoof, 1937: 

389. 

Canis cf. C. dims (Leidy): VanderHoof, 1937: 

389 (in part). 

Borophagus —large species: Johnston and Savage, 

1955: 39. 

Borophagus dubius (Merriam): Richey, 1979: 

107. 

Borophagus cf. B. diversidens (Cope): Conrad, 

1980: 212, fig. 14E. E'. 

Holotype: TMM 40287-10 (AMNH cast 
129875), left ramal fragment (fig. 128C, D) 
with cl alveolus, p2 alveolus, p3, and p4 
broken from Mt. Blanco, Blanco Formation 
(late Blancan), Crosby County, Texas. 

Referred Specimens: From type locality, 
Blanco Canyon, Blanco Formation (late 
Blancan), Crosby County, Texas: TMM 
40287-11, paracone and nretastyle blade of 
right P4 and lateral half of right Ml (para- 
type of Borophagus diversidens ) (this spec¬ 
imen was identified as milk teeth of Canis 
dims by VanderHoof, 1936: 415); TMM 
18578, ramus fragment with p3-p4; MSU 
8034 (Dalquest, 1968: figs. 1-4), skull with 
II—M2 (fig. 129), right ramus with i3—cl, p2 
alveolus and p3-m3 (fig. 128E, F), axis 
(Munthe, 1989: fig. 4C), seventh cervical, 
two caudals, right humerus (Munthe, 1989: 
figs. 6E, 7E), left partial ulna, partial left and 
right radii (Munthe, 1989: fig. 9E), pelvis, 
left femur (Munthe, 1989: fig. 15E), head of 
right femur, left tibia (Munthe, 1989: fig. 
17F), left fibula, and other foot bones (Mun¬ 
the, 1989: fig. 18B); and AMNH cast 129874 
(private collection of Joe Taylor), right ramus 
with cl, p2 and m2—m3 alveoli and p4—ml. 
Crawfish ranch house, on south side of draw, 
17 ft above basal contact in “flaggy lime¬ 
stone” member: TMM 31179-39, right max¬ 
illary fragment with P4 and M1 root (Meade, 
1945: pi. 48, fig. 4); and TMM 31176-64, 
right calcaneum. Seven mi northeast of Cros- 
byton: CMNH 9495, left ramus with cl bro¬ 
ken, p2 alveolus, and p3—ml (Hibbard, 1950: 
fig- 18). 

Rexroad Formation (late early Blancan), 
Keefe Canyon Quarry (KUVP loc. 22), Mea¬ 
de County, Kansas: KUVP 7266, right pre¬ 
maxillary-maxillary fragment with Cl, PI, 
P2 alveolus, isolated right P3-P4, and left 
Ml (Hibbard and Riggs, 1949: fig. IF, H, I). 

Beck Ranch Local Fauna (late early Blan¬ 


can), Scurry County, Texas: MSU 8644, pal¬ 
ate lacking only left 13, both Pis, and right 
M2 (Dalquest, 1978: fig. 13); MSU 8664 and 
9464, two isolated els; MSU 8665-6 and 
9465-7, five isolated metapodial; MSU 9468, 
isolated phalanges. 

Lisco Local Fauna, Lisco Quarry 1 
(UNSM loc. Gd-14), lower part of Broad¬ 
water Formation (late early Blancan), Garden 
County, Nebraska: UNSM 2687, anterior 
partial skull with 13—M2 and partial mandible 
with il-m3; UNSM 25692, crushed anterior 
partial skull with I1-M2; UNSM 25836, left 
ramus with cl—p3 alveoli, p4—m2, and m3 
alveolus; UNSM 25839, right premaxillary- 
maxillary with I2-M2; UNSM 25838, partial 
mandible with il-m2 (p2 alveolus); UNSM 
25840, left and right rami with cl—m3; and 
UNSM 25841, left maxillary fragment with 
P4—Ml both broken, right ramus with i 1—i3 
alveoli, cl, p2—p3 alveoli, and p4—m2. 

Rancho Viejo Beds (early Blancan), Gua¬ 
najuato, Mexico: Arrastracaballos locality 
(Gto. 6), 10 km north of San Miguel Allende: 
IGM 6675, right ramus with il—cl alveoli, 
p3—ml, and m2—m3 alveoli (Miller and Car- 
ranza-Castaneda, 1998: fig. 3). 

Grand View Fauna, Glenns Ferry Forma¬ 
tion (late Blancan), Ada County, Idaho: Jack¬ 
ass Butte locality 2404: UO 16343, isolated 
left p4 (referred to Borophagus sp. by Shot- 
well, 1970: 77, fig. 36F). IMNH loc. 77006: 
IMNH 29492 (AMNH cast 129878), right ra¬ 
mus with il—cl alveoli, p2—m2, and m3 al¬ 
veolus (Conrad, 1980: fig. 14E, E’). 

Ringold Formation (late Blancan), Benton 
County, Washington: Taunton Substation 
(LACM loc. 6408): LACM 10826, right ra¬ 
mal fragment with ml. 

Northern part of Sacramento Valley, Te¬ 
hama Formation (late Blancan), Tehama 
County, California: UCMP 31067, broken 
left Ml (referred to Hyaenognathus cf. H. 
pachyodon by Russell and VanderHoof, 
1931: fig. 7). 

Coso Mountains (late Blancan), Inyo 
County, California: LACM-CIT loc. 131, 9.5 
mi east of Olancha: LACM-CIT 481, partial 
palate with II alveolus and 12—M2 (holotype 
of Hyaenognathus solus Stock, 1932). 
LACM-CIT loc. 284: LACM-CIT 2024, heel 
of M1 and roots of P4 (referred to Boropha¬ 
gus solus by Schultz, 1937). 
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Asphalto (Blancan), near foot of Temblor 
Range, Kern County, California: UCMP 
8139 (AMNH cast 30071), left and right 
rami with cl, p2 alveolus, p3—m2, and m3 
alveolus (holotype of Hyaenognathus pach- 
yodon Merriam, 1903: pi. 28, figs. 1, 2). One 
and one-fourth mi southeast of McKittrick: 
UCMP 29522, right maxillary fragment with 
broken P4, Ml, and M2 alveolus (referred to 
Hyaenognathus pachyodon by Matthew and 
Stirton, 1930: fig. 1); and UCMP 29523, 
right ramal fragment with m2 (referred to 
Hyaenognathus pachyodon by Matthew and 
Stirton, 1930: fig. 2). 

Two mi southeast of Cornwall (Blancan), 
Contra Costa County, California: UCMP 
8138 (AMNH cast 30075), partial skull with 
13, Cl, P1-P3 alveoli, and P4-M2 (holotype 
of Hyaenognathus ( Porthocyon ) dubius Mer¬ 
riam, 1903: pis. 29, 30). 

Dry Mountain Locality, 111 Ranch Fauna, 
Gila Group (late Blancan), Graham County, 
Arizona: F:AM 108446, right partial ramus 
with m2 broken from base and m3 alveolus. 

Three and one-half mi section, Saint David 
Formation (late Blancan), near Benson, Co¬ 
chise County, Arizona: F:AM 23399, man¬ 
dible with il—cl and p2—m3. 

Post Ranch Fauna, Carnivore Site, Post 
Ranch area, UA loc. 47-3 (UCMP loc. 
V6804), Saint David Formation (late Blan¬ 
can), Cochise County, Arizona: UA 1466 
(UCMP cast 80385), partial mandible with 
i2—ml. 

Pima, Gila Group (Blancan), Graham 
County, Arizona: F:AM 61561, left ramal 
fragment with ml broken and m2. 

Channel Sands Pocket, Panaca Formation 
(late Blancan), near Panaca, Lincoln County, 
Nevada: F:AM 67119, fragmentary palate 
with P4—M2, mandible with il broken—cl, 
p2—p3 both broken, p4— m3, and two isolated 
canines and proximal end radius. 

From 8 mi east of Broadwater, probably 
equivalent to Lisco Local Fauna (late early 
Blancan), Morrill County, Nebraska: UNSM 
25891, complete left and partial right rami 
with cl, pi alveolus, p2—m2, and m3 alve¬ 
olus. 

Broadwater Local Fauna, Broadwater For¬ 
mation (early late Blancan), Morrill County, 
Nebraska: Broadwater Quarry 4 (UNSM loc. 
Mo-5): UNSM 25837, crushed skull and 


mandible with crushed upper and lower den¬ 
titions; UNSM 25851 (AMNH cast 98083), 
partial mandible with i 1—i3 alveoli, cl, p2 
alveolus, and p3-m3; and UNSM 6123-39, 
crushed upper and lower jaws with right P4— 
Ml and left p2—p3. Broadwater Quarry 3 
(UNSM loc. Mo-6): UNSM 107-12-6-36-SP, 
left edentulous ramus with cl—ml alveoli. 

Sand Draw Fauna, Keim Formation (late 
Blancan), Lee Magill Ranch, McGill County, 
Nebraska: F:AM 67117, right ramus with cl 
and p3 alveoli, p4 broken—m2, and m3 al¬ 
veolus (Skinner et al., 1972: fig. 49); and F: 
AM 67118, right isolated broken ml. 

Hall Gravel Pit, Long Pine Formation (late 
Blancan), Brown County, Nebraska: F:AM 
87485, right partial ramus with p2—p3 alve¬ 
oli, p4—m2 all broken, and m3 alveolus. 

Big Spring Local Fauna (UNSM loc. Ap- 
103), Long Pine Formation (late late Blan¬ 
can, i.e., near the end of Blancan V in Re¬ 
penning, 1987), Antelope County, Nebraska: 
UNSM 51600, right Ml; UNSM 2009-95, 
right Ml; UNSM 2100-79, left ramus with 
cl—p2 alveoli and p3—m2; and UNSM 2100- 
91, right ramus with cl alveolus and p2—m2 
(p2 and p4 broken). 

Cita Canyon, Ogallala Group (late Blan¬ 
can), Randall County, Texas: JWT 561, par¬ 
tial left and right rami with p2—m2; JWT 
561A, left and right rami with p3—m2; JWT 
932, left and right rami with p2—m2; JWT 
1558, left maxillary fragment with P4-M1; 
JWT 2530, ml; WTSU 551 (UCMP cast 
80151), partial mandible with il—m2 (left 
cl—p2 missing); WTSU 772 (UCMP cast 
80252), left ramus with i 1—i3 alveoli, cl—m2, 
and m3 alveolus; WTSU uncataloged, left 
maxillary fragment with P4—Ml; and WTSU 
uncataloged, right maxillary with P4—M2. 

Channing area, Ogallala Group (late Blan¬ 
can), Oldham County, Texas: Proctor Pit D: 
F:AM 67364, left ramus with cl alveolus, p2 
alveolus—m2, m3 alveolus (fig. 128A, B) and 
associated detached right canine; F:AM 
67365, crushed fragmentary skull with P4— 
Ml and isolated teeth including M2 and pre¬ 
molars; and F:AM 129870, left partial max¬ 
illary with P4 broken—Ml. Bevins Pit 1: F: 
AM 67332, left partial ramus with p3, p4- 
ml both broken, m2, and m3 alveolus. 
Proctor Pit C: F:AM 67333, right partial ra¬ 
mus with cl and p3 alveoli, p4—ml and m2 
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alveolus, and right isolated ml; and F:AM 
129871, left isolated worn ml. Near Proctor 
Pit A: F:AM 67334, right partial ramus with 
p3—m2 all broken at bases. Collins Pit 2: F: 
AM 61580, right ramal fragment with p4— 
ml both erupting and left broken ml. 

Santa Fe River Locality 1 (late Blancan), 
Columbia County, Florida: UF 8007, sym- 
physeal part of mandible with il—p4 alveoli; 
UF 10469, right Ml; UF 10701, partial left 
P4; and UF 95058, partial right P4. 

North Port Charlotte Locality (?late Blan¬ 
can), Charlotte County, Florida: UF 50759, 
left maxillary fragment with P4 and roots of 
Ml. 

Vicinity of the town of Tequixquiac in the 
Valley of Mexico (?late Blancan), Mexico: 
IGM 162 (AMNH cast 14311) (The holo- 
type, IGM 162, was presumably lost some 
years ago [Miller and Carranza-Castaneda, 
1998], but plaster casts are available in some 
collections. Hibbard and Riggs’ [1955] study 
of the megafauna of the Valley of Mexico 
found no evidence of a Tertiary fauna, and 
those in the Valley of Tequixquiac were com¬ 
pared to faunas in the Sangamon interglacial 
and Wisconsin glacial intervals of the north¬ 
ern Great Plains. However, a Rancholabrean 
record of Borophagus is yet to be found 
among known faunas, and we consider it 
likely that IGM 162 was from the latest 
Blancan, based on its stage of evolution, 
which is comparable to those from the Big 
Springs of Nebraska.), anterior part of skull 
with 11—12, I3-P1 alveoli, P2-M1, and M2 
alveolus (fig. 130) (holotype of Hyaenogna- 
thus matthewi Freudenberg, 1910: 209, figs. 
3, 4). 

Distribution: Early Blancan of Kansas, 
Nebraska, Texas, and Mexico; late Blancan 
of Washington, Idaho, California, Arizona, 
Nevada, Texas, Nebraska, and Florida; and 
?late Blancan of Florida and Mexico. 

Emended Diagnosis: As the terminal spe¬ 
cies of the Borophagina, Borophagus diver- 
sidens is distinguishable from all other spe¬ 
cies of the genus in its highly derived fea¬ 
tures: palate abruptly widened at P4; ex¬ 
tremely enlarged 13; PI—P3 and p2—p3 small, 
oval, and buttonlike without cusplets; P4 
massive with protocone weak to absent and 
parastyle absent; Ml—M2 small relative to 
carnassial; Ml paracone exceptionally tall 


relative to height of metacone, metaconule 
weak or absent, anterolingual cingulum ab¬ 
sent, and lingual cingulum restricted to pos- 
terolingual corner; p4 robust and wide with 
transverse diameter exceeding width of ml 
trigonid; p4 tall-crowned, strongly sloped 
posteriorly, posterior accessory cusp absent, 
and posterior cingulum compressed; p4 ex¬ 
tremely flared laterally; ml trigonid elongate 
relative to talonid, metaconid extremely 
weak or absent, talonid short and narrow, and 
entoconid greatly reduced or absent; m2 
small with paraconid absent, and metaconid 
either absent or represented by simple crest 
to protoconid; mandibular condyle high 
above toothrow; and humerus without ent- 
epicondylar foramen. 

Description and Comparison: Boropha¬ 
gus diversidens is known in many late Blan¬ 
can localities throughout central and western 
North America. Although mostly fragmen¬ 
tary, materials from these localities combine 
to produce a fairly complete picture of its 
cranial and dental morphology. Variation 
within a single locality, however, is still 
poorly known, as no one locality produced a 
large enough sample. The somewhat crushed 
skull, MSU 8034, from the topotype area de¬ 
scribed by Dalquest (1968: figs. 1-4) still 
provides the best information about the cra¬ 
nial morphology of the species (fig. 129). 

As the terminal species of the Borophag- 
inae, Borophagus diversidens carries to the 
extreme some cranial and dental features that 
canids have explored during their long his¬ 
tory. The external morphology of MSU 8034 
suggests that it has a highly domed frontal 
sinus. As in B. hilli, the extent of the frontal 
sinus above the braincase is revealed exter¬ 
nally by the gentle inflation of the sinus. On 
the broken skull of UCMP 8138, the frontal 
sinus has a maximum depth of 30 mm near 
the top of the braincase and can be clearly 
seen to extend to the inion. The bulla is 
greatly inflated, and the paroccipital process 
is elongated far beyond the base of the bulla. 

The palate is very broad, extremely so in 
the latest members of this species such as the 
individuals from the Big Springs of Nebraska 
and the holotype of Borophagus matthewi. 
The P4 is laterally offset from the P3 in oc¬ 
clusal view, resulting in an abrupt widening 
of the palate at the P4 and backward. The 
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Fig. 128. Borophagus diversidens. A. Lower teeth and B, ramus, F:AM 67364. Proctor Pit D, 
Ogallala Group (late Blancan), Oldham County, Texas. C, Lower teeth and D, ramus, TMM 40287-10, 
holotype, Mt. Blanco, Blanco Formation (late Blancan), Crosby County. Texas. E, Lower teeth and F, 
ramus (reversed from right side). MU 8034, Blanco Canyon. Blanco Formation (late Blancan), Crosby 
County, Texas. The shorter (upper) scale is for B, D. and F. and the longer (lower) scale is for the rest. 


palate in UCMP 8138 (holotype of B. du- 
bius ) is the least widened among known in¬ 
dividuals, although it has suffered a certain 
amount of lateral crushing. 

The 13 is greatly enlarged, especially in 
the holotype of B. matthewi (IGM 162; fig. 


130). The 13 alveolus is approximately three 
times as large as those of the II and 12, and 
its posterior border is 12 mm behind those 
of 11-12. Extreme reduction of the P1-P3 
and p2—p3 left these teeth as no more than 
small buttons, oval in outline, extremely low 
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Fig. 129. Borophagus diversidens. A, Lateral. B, ventral, and C, dorsal views of skull (PI reversed 
from right side), MU 8034. Blanco Canyon. Blanco Formation (late Blancan), Crosby County, Texas. 


in crown height, and practically functionless, 
as they do not occlude. In most individuals, 
these teeth experience little or no wear even 
though other teeth (P4— Ml and ml—m2) may 
have incurred extensive wear. In most indi¬ 
viduals, the P4 parastyle and protocone are 


lost; the root of the latter, however, is still 
present. The P4 also becomes transversely 
widened. In contrast to more primitive spe¬ 
cies, the Ml lingual cingulum is restricted to 
the posterolingual corner. The Ml labial cin¬ 
gulum is completely lost, and the metaconule 
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Fig. 130. Borophagus diversidens. Ventral view of partial skull, IGM 162 (holotype of Hyaenog- 
nathus matthewi), vicinity of the town of Tequixquiac, Valley of Mexico (?late Blancan), Mexico. 
Illustrated from a cast and Freudenberg’s (1910: fig. 3) figure by X. Wang. 


is reduced or lost. In B. diversidens, the p4 
width has exceeded that of ml trigonid and 
also has highest width-to-length ratio com¬ 
pared to other species (Richey, 1979). The 
main cusp of the p4 is further reclined, and 
the extremely elevated posterior cingulum 
leaves no room for the posterior accessory 
cusp, which has thus disappeared in all in¬ 
dividuals, in contrast to its presence in B. hil- 
li. The further reduction of the ml talonid in 
B. diversidens and the considerable reduction 
(and occasional loss) of the ml entoconid in¬ 
dicate a more hypercarnivorous condition 
than found in B. hilli. This is in further con¬ 
trast to a more widened trigonid. The ml 
metaconid is lost in most individuals, and 
when present is in a low position just slightly 
above the entoconid. The m2 metaconid is 
either lost or reduced to a small ridge. 

Materials from the Big Springs (late late 
Blancan) of Nebraska and from Mexico 
(IGM 162, holotype of Borophagus matthewi ) 
represent the most extreme dental modifica¬ 
tions toward the ultimate bone-crusher. The 
palate in IGM 162 is so broadened and the 
muzzle so shortened that the hard palate is 
wider than it is long. The broadening of the 
palate is mainly accomplished through lateral 
expansion at the level of the P4—M2, causing 
the P4 to be markedly displaced laterally 


from the P2—P3 (it is mainly through their 
extremely laterally flared p4—ml that the Big 
Spring’s materials are inferred to have 
reached the corresponding degree of the wid¬ 
ening of the palate in IGM 162). 

Discussion: The fragmentary holotype of 
Borophagus diversidens, its subsequent 
“loss” and recovery (VanderHoof, 1936), 
and the lack of appreciation of individual 
variation combined to inspire a proliferation 
of names early in the century (see Dalquest 
[1968] for a summary). In addition to B. div¬ 
ersidens, five species were named prior to 
the 1930s: Felis hillianus (Cope, 1892), 
Hyaenognathus pachyodon (Merriam, 1903), 
H. dubius (Merriam, 1903), H. matthewi 
(Freudenberg, 1910), and H. solus (Stock, 
1932). In a series of papers in the 1930s, 
VanderHoof and co-authors attempted to rec¬ 
oncile the various names, but failed to escape 
the typological thinking of the day, leaving 
essentially all of the then known nominal 
taxa intact. Since then, the general consensus 
has seemed to gradually settle on B. diver¬ 
sidens as the only and most frequently cited 
hyenalike dogs in the Blancan of North 
America. The fact that there is only one form 
of this dog in a given locality suggests one 
continuous lineage (anagenetic evolution) in 
the late early throughout late Blancan. 
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As the terminal taxon of the Borophaginae 
clade, Borophagus diversidens is clearly the 
most specialized toward a durophagous den¬ 
tition, a structure that facilitates the extrac¬ 
tion of bone marrow. Morphological trends 
in this direction generally follow a direction 
of increasing size, shortening of rostrum and 
lower jaws, deepening of horizontal ramus, 
broadening of facial region, reduction of pre¬ 
molars in front of the extremely robust P4, 
high paracone on Ml, enlargement and lat¬ 
eral displacement of p4, elongation of ml, 
and reduction of m2. Most of these features 
seem designed to deliver a maximum crush¬ 
ing force between P4 and p4—ml, as well as 
the necessary remodeling of bones on the 
lower jaw and skull (see also Werdelin, 
1989). 

Although specimens of Borophagus were 
sometimes reported in Pleistocene or Plio- 
Pleistocene “transitional” deposits, in most 
of these cases the deposits were later deter¬ 
mined to be late Pliocene (Blancan). A recent 
report of B. diversidens in the basal unit C 


of the Wellsch Valley Local Fauna, near 
Swift Current, Saskatchewan (Stalker and 
Churcher, 1972) places its latest occurrence 
within the Olduvai subchron (Foster and 
Stalker, 1976), which coincides closely with 
the Blancan—Irvingtonian transition (Lunde- 
lius et al., 1987: 221). However, our exami¬ 
nation of the Saskatchewan specimens, NMC 

17824 (left maxillary fragment with Ml) and 

17825 (right premaxillary fragment with 13), 
led us to conclude that these do not belong 
to Borophagus but probably represent a large 
Caninae. In any case, late occurring individ¬ 
uals such as those from the Big Springs (late 
Blancan V, approximately 2 Ma) of Nebras¬ 
ka, the basal part of the Vallecito Local Fau¬ 
na (approximately 2.1 Ma; see Cassiliano, 
1999: fig. 4a), and the Valley of Mexico (ho- 
lotype of B. matthewi ) are just a few rare 
examples of this powerful dog near the end 
of its existence. Borophagus must have be¬ 
come extinct shortly after that, and thus end¬ 
ed a once extremely successful and, at times, 
dominant group of carnivorans on the North 
American continent. 


CHARACTER ANALYSIS 


Character interpretation is clearly of pri¬ 
mary importance in any kind of phylogenetic 
analysis, be it cladistics or otherwise. Cla- 
distic methodology as is commonly practiced 
now, however, offers no clear method for 
how to select characters and divide character 
states. In general, the coding of a character 
matrix remains an exercise of considerable 
subjective judgment. Although we cannot 
claim exceptions to this rule, our judgments 
about character variations are derived from a 
database much larger than any previous at¬ 
tempts and are sometimes grounded in our 
analysis of living taxa. Imprecision of char¬ 
acter interpretations may well cause certain 
poorly supported clades to flip around if 
some critical characters are coded slightly 
differently. For the most part, however, slight 
changes in the ways we interpreted the char¬ 
acters probably will not significantly alter the 
topology. One may choose to more finely di¬ 
vide the character states than we have done 
and the clades may be supported by more or 
less synapomorphies. After all, the numbers 


of synapomorphies at different parts of the 
cladogram are only a rough reflection of the 
weight of evidence. It is hoped that the over¬ 
all pattern of our cladogram will remain sta¬ 
ble despite the difficulties inherent in the 
character interpretations. 

Most characters used here have been noted 
by previous authors, although often in a dif¬ 
ferent context and thus with different mean¬ 
ings. Our own contribution is mainly in the 
examination of these characters on a much 
broader comparative basis than has previous¬ 
ly been possible, thus providing a different 
perspective about character evolution under 
the rules of parsimony. 

Dental features comprise more than half of 
the characters selected. This is not only be¬ 
cause of practical necessity (i.e., preserva- 
tional biases against less durable bones), but 
because of their obvious functional impor¬ 
tance. Although it is often true that there is 
a close relationship of morphology to func¬ 
tionality that leads to independent develop¬ 
ment of similar structures, these homoplasies 
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do not necessarily always overwhelm the to¬ 
pology and obscure true relationships. Given 
a sufficiently dense fossil record and enough 
intermediate forms, homoplasies can be re¬ 
vealed, especially in combination with other 
cranial characters (see Phylogenetic Analysis 
below). Postcranial characters are not includ¬ 
ed in the cladistic analysis because of the rar¬ 
ity of associated skeletons, although they are 
sometimes useful in the diagnoses when ad¬ 
jacent taxa have comparable materials. 

Some dental characters, particularly those 
related to hyper- or hypocarnivory, tend to 
co-vary both between upper and lower den¬ 
titions and among adjacent teeth (e.g., among 
Ml—M2 or ml—m2), a common problem in 
most groups of carnivorans. We code the co¬ 
varying features as one character if they are 
completely correlated. On the other hand, 
even when two features appear to be com¬ 
pletely correlated within a small clade, we 
may still code them as separate characters if 
they do not strictly co-vary in other clades. 
Such a practice has the undesired appearanc¬ 
es of “stronger” support of certain clades be¬ 
cause of the duplication of these co-varying 
characters, but it offers the benefit of more 
objective coding in other part of the phylog- 
eny, that is, closer reflection of actual steps 
in the evolution of other clades in which the 
relevant characters do not strictly co-vary. 
When this problem is suspected, we can iso¬ 
late its effect by analyzing individual clades 
separately. 

Character polarities are determined by the 
method of outgroup comparison (see Mad- 
dison et al., 1984). The closest sister-group 
of the Borophaginae is Leptocyon (a basal 
Caninae), followed successively by Hesper- 
ocyon (a basal hesperocyonine) and Prohes- 
perocyon (a primitive cynoid) (Tedford, 
1978; Wang, 1990, 1994; Wang and Tedford, 
1994, 1996); the latter two taxa are the pri¬ 
mary outgroups. Primitive Archaeocyon is 
very close to the ancestral morphotype of the 
Borophaginae, and only a few subtle synapo- 
morphies separate basal borophagines from 
Hesperocyon. This overall closeness in mor¬ 
phology and stratigraphic occurrence be¬ 
tween Archaeocyon and the hesperocyonines 
suggests phylogenetic continuity and greatly 
reduces the uncertainties about the primitive 
states of the borophagines. 


Intraspecific variation of characters is a 
major source of imprecision in character cod¬ 
ing. Even a rigorously defined quantitative 
character state can fail in variable species 
whose morphology overlaps broadly with its 
ancestral or descendent species. Furthermore, 
most species also vary, sometimes in pre¬ 
dictable fashions toward certain specializa¬ 
tions, during their geological span. These 
problems reflect the nature of phylogenetic 
analysis of fossil taxa, and certain allowance 
of aberrant features and other such subjective 
judgments are impossible to avoid. 

As is the convention, a character state of 
“0” is generally primitive, except in rever¬ 
sals, and a “1” is derived. In multistate char¬ 
acters, however, higher numbers do not nec¬ 
essarily always correspond to more derived 
states. The numbering of the characters cor¬ 
responds to numbers in the character matrix 
in table 2. The following descriptions of 
characters are grouped under anatomical re¬ 
gions to facilitate easy comparison of related 
characters. 

SKULL 

1. Skull proportion: The primitive canid 
skull has a relatively long and narrow snout. 
Some hyper- or hypocarnivorous taxa tend to 
develop a brachycephalic skull that involves 
a combination of overall shortening and 
broadening of the skull. These proportional 
differences are best revealed through ratio di¬ 
agrams. 

Polarity: 0, skull normal proportioned; 1, 
skull slightly brachycephalic; 2, further 
shortening of skull. 

2. Premaxillary meeting frontal: Primi¬ 
tively, the posterior process of the premax¬ 
illary is a thin strip of bone tapering off to a 
tip and wedged between the nasal and max¬ 
illary. It does not come in contact with the 
frontal bone. In Desmocyon matthewi and 
more derived taxa, the premaxillary process 
begins to widen and extend posteriorly. This 
enlarged premaxillary is in contact with an 
anteriorly extended nasal process of the fron¬ 
tal and thus excludes the contact between the 
nasal and maxillary. In advanced Aelurodon, 
the premaxillary process is further widened, 
a feature that seems to be related to the en- 
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larged 13 with well-developed lateral acces¬ 
sory cusplets. 

Polarity: 0, premaxillary does not meet 
frontal; 1, premaxillary just meets frontal; 2, 
widened contact between premaxillary and 
frontal (fig. 131). 

3. Postorbital process of frontal: The 

enlargement of the frontal sinus (see below) 
results in the frontal shield being widened in 
many borophagines. The broadening of the 
shield is often accompanied by enlargement 
of the postorbital process of the frontal. 

Polarity: 0, frontal shield narrow and post¬ 
orbital process not enlarged; 1, frontal shield 
widened and postorbital process enlarged 
(fig- 131). 

4. Posterior expansion of frontal sinus: 

Presence of frontal sinuses in the frontal 
bone in living canids has long been used in 
classification (Huxley, 1880). In separate 
studies, we have demonstrated the usefulness 
of this feature in the phylogenetic analyses 
of hesperocyonines and living canines 
(Wang, 1994; Tedford et al., 1995). In bor¬ 
ophagines the frontal sinus has achieved its 
most extensive development, culminating in 
advanced species of Borophagus in which 
the sinus extends to the back of the skull over 
the top of the entire braincase. We have dis¬ 
sected the frontal areas in many key taxa, but 
exhaustive observation is clearly not possi¬ 
ble. As a general guide, a flat forehead and 
the presence of a small depression above the 
postorbital process can be taken as indication 
of lack of a frontal sinus. The extent of the 
sinus can often be accurately judged by the 
outline of the inflation of the frontals and pa- 
rietals on the exterior of the skull. 

Polarity: 0, no frontal sinus; 1, small fron¬ 
tal sinus that does not invade the postorbital 
process and does not extend beyond the post¬ 
orbital constriction; 2, frontal sinus invades 
the postorbital process and expands posteri¬ 
orly to the frontal—parietal suture; 3, frontal 
sinus extends posteriorly beyond the frontal- 
parietal suture; 4, frontal sinus penetrates far 
back beyond the frontal—parietal suture over 
the top of the entire braincase (fig. 131). 

5. Dorsal inflation of frontal sinus: Be¬ 
ginning in Paratomarctus , the frontal is dor- 
sally inflated to form a small dome above the 
orbit. The forehead is prominently domed in 
the Borophagus clade. Although doming of 


the forehead is mostly caused by enlarge¬ 
ment of the underlying frontal sinus, it is 
here viewed as a different process from the 
horizontal development of frontal sinus de¬ 
scribed above (character 4). The dome is the 
result of dorsal expansion of the sinuses, 
whereas character 4 above mainly describes 
the posterior expansion of the sinuses. As 
seen in the character distribution table (table 
2), these two characters do not always co¬ 
evolve. 

Polarity: 0, flat forehead without dorsal in¬ 
flation of frontal sinus; 1, a small dome on 
forehead due to underlying inflation of fron¬ 
tal sinus; 2, prominently domed forehead 
(fig- 132). 

6. Masseteric scar on zygomatic arch: 

The long horizontal scar on the anterior por¬ 
tion of the zygomatic arch is the place of 
origin for the masseteric muscle. This scar is 
primitively deep and commonly occupies 
more than half of the lateral surface of the 
arch. The derived condition in certain 
brachycephalic taxa is a narrowed scar that 
is restricted mostly to the narrow ventral face 
of the arch, and in lateral view is no more 
than one-third of the total breath of the arch. 

Polarity: 0, masseteric scar wide; 1, mas¬ 
seteric scar narrowed (fig. 132). 

7. Lateral flare of zygomatic arch: 
Primitively in small borophagines, there is a 
flat facet on the dorsal face of the anterior 
zygomatic arch just below the orbit. This fac¬ 
et is flared laterally. Beginning in Cormo- 
cyon copei, this facet is replaced by a round¬ 
ed dorsal surface of the arch and the lateral 
flare is absent. 

Polarity: 0, lateral flare of zygoma present; 
1, flare absent (fig. 131). 

8. Zygomatic arch wide posteriorly: In 
dorsal view, the zygomatic arch primitively 
forms a gentle curve with its widest point 
somewhere near the middle of the arch. In 
Aelurodon , however, the widest point is shift¬ 
ed posteriorly toward the level of the post¬ 
glenoid fossa. Thus, there tends to be a sharp 
angle at this point, and the outline of the zy¬ 
gomatic arch becomes angled rather than 
arched. 

Polarity: 0, zygomatic arch gently curved 
laterally; 1, zygomatic arch widened near 
posterior end (fig. 131). 

9. Temporal crest: A single sagittal crest 
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Fig. 131. Comparative dorsal views of skulls of representative borophagines showing the extent of 
frontal sinuses (shaded areas, character number 4) and other cranial characteristics used in the phylo¬ 
genetic analysis. Selected taxa include (from top down) Archaeocyon leptodus (F:AM 49448), Desmo- 
cyon thomsoni (AMNH 12874), Desmocyon matthewi (F:AM 49177), Aelurodon ferox (UNSM 1093), 
and Borophagus dudleyi (MCZ 3688). Character numbers and state numbers (in parentheses) correspond 
to those listed in the character analysis and data matrix. The skulls are not drawn to the same scale. 
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Fig. 132. Comparative lateral views of skulls of representative borophagines showing cranial and 
dental characteristics used in the phylogenetic analysis. Selected taxa include (from top down) Archaeo- 
cyon pavidus (F:AM 63970), Phlaocyon leucosteus (AMNH 8768), Aelurodon ferox (UNSM 1093), 
Epicyon saevus (AMNH 8305), and Borophagus diversidens (MSU 8034). Character numbers and state 
numbers (in parentheses) correspond to those listed in the character analysis and data matrix. The skulls 
are not drawn to the same scale. 
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formed by merging of the temporal crests be¬ 
hind the postorbital process is clearly the 
primitive condition, although separated crests 
can be a juvenile condition. Otarocyon not 
only possess the double-crested condition in 
the adult but further strengthens and raises 
the crests to enclose a shallow valley on top 
of the skull. 

Polarity: 0, single-crested; 1, double-crest¬ 
ed, often lyrate, in adults but with little or no 
reinforcement of the crests; 2, strong, widely 
separated, and parallel temporal crests en¬ 
closing a longitudinal valley (figs. 16, 17). 

10. Height of sagittal crest: The height 
of the sagittal crest varies with sex and age— 
males and older individuals tend to have 
higher crests. In Aelurodon, the sagittal crest 
is prominently heightened and can be as tall 
as 20 mm. This enlarged crest clearly ex¬ 
ceeds normal intraspecific variation and is in 
contrast to lower crests in Epicyon. 

Polarity: 0, sagittal crest low; 1, sagittal 
crest high; 2, sagittal crest very high (fig. 
132). 

11. Sagittal crest profile: In Epicyon , the 
lateral profile of the sagittal crest is concave 
rather than the primitively dorsally arched or 
straight profile. 

Polarity: 0, sagittal crest dorsally arched or 
straight; 1, sagittal crest concave (fig. 132). 

12. Nuchal crest expansion: Primitively, 
the nuchal crest is a low ridge with a fan- 
shaped profile in posterior view. Posterior 
extension of the nuchal crest is a derived 
condition most extremely developed in Ae¬ 
lurodon. The extended crest often overhangs 
the occipital condyle. 

Polarity: 0, nuchal crest not expanded; 1, 
nuchal crest extended posteriorly beyond oc¬ 
cipital condyle (fig. 131). 

13. Lambdoidal crest narrowing: Some 
species in the Aelurodontina clade have a lat¬ 
erally constricted lambdoidal crest in which 
the nuchal portion of the crest is narrowed to 
a rectangular plate. 

Polarity: 0, lambdoidal crest not constrict¬ 
ed; 1, lambdoidal crest laterally constricted 
(fig- 131). 

14. Palate width: The palate is primi¬ 
tively narrow. A broadened muzzle and wid¬ 
ened palate is characterized by some hyper- 
carnivorous taxa, such as Euoplocyon, the 
Aelurodontina clade, and some members of 


the Borophagina. Measurements of maxi¬ 
mum palatal width between the P4s and Pis 
are listed in appendix II (PWP4 and PWP1), 
and their relative proportions among related 
taxa are best compared in the ratio diagrams. 

Polarity: 0, palate unwidened; 1, palate 
moderately widened; 2, palate further wid¬ 
ened; 3, palate extremely widened such that 
it is wider than it is long. 

15. Bulla size: In canids, inflation of the 
bulla is commonly achieved through expan¬ 
sion of the caudal entotympanic. To increase 
volume, the bulla often inflates anteriorly be¬ 
yond the posterior border of the postglenoid 
fossa, or posteriorly toward the paroccipital 
process. In more extreme cases, such as in 
Otarocyon, the bulla also expands toward the 
midline of skull such that the interbullar 
space is narrowed and the partial septum at 
the ecto- and entotympanic suture is oblit¬ 
erated. The bullar lengths (LB) in appendix 
II provide a measure of the bulla size, and 
their proportions relative to other cranial di¬ 
mensions are illustrated in the ratio diagrams. 

Polarity: 0, bulla not inflated; 1, bulla hy¬ 
pertrophied (figs. 17, 18). 

16. Ectotympanic ring: Primitively, the 
ectotympanic forms a half ring and the ex¬ 
ternal auditory meatus is composed of the 
ectotympanic in the ventral half and the 
squamosal in the dorsal half. Beginning in 
Desmocyon thomsoni, the ectotympanic 
forms a full circle superimposed on the squa¬ 
mosal shelf. 

Polarity: 0, ectotympanic ring incomplete; 
1, ectotympanic forming a full ring. 

17. Opening of auditory meatus: The 
opening of the external auditory meatus is 
large primitively, sometimes with a V-shaped 
notch pointing anteroventrally. The opening 
in Cynarctus and many advanced borophag- 
ines is small relative to the bulla size. 

Polarity: 0, external auditory meatus with 
large opening; 1, small opening of the exter¬ 
nal auditory meatus (fig. 132). 

18. Auditory meatus tube: In general, 
canids lack or have shorter external auditory 
meatal tubes than found in arctoids. The for¬ 
mation of a short tube is subject to ontoge¬ 
netic and intraspecific variation and its elon¬ 
gation is almost a continuous trend in certain 
clades. Despite the imprecision of its defini¬ 
tion, such a character provides a useful de- 
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scription of the morphological transforma¬ 
tion. 

Polarity: 0, absence of a tubular auditory 
meatus; 1, presence of a short tube for au¬ 
ditory meatus; 2, auditory meatus tube elon¬ 
gated. 

19. Mastoid process: From a small, 
knoblike process in the primitive condition, 
the mastoid process is ventrally elongated 
and bears a thin lateral ridge in Aelurodon. 
In Epicyon aelurodontoides , the mastoid has 
an expanded ventral facet that protrudes pos¬ 
teriorly. 

Polarity: 0, mastoid process not enlarged; 
1, mastoid process ventrally elongated and 
with a thin lateral ridge; 2, mastoid process 
with enlarged ventral facet (fig. 132). 

20. Paroccipital process orientation: 
Primitively, the paroccipital process is ori¬ 
ented posteriorly and is free from contact 
with the bulla. In most derived canids, the 
process rotates ventrally to point downward, 
bringing its base or its entire length into con¬ 
tact with the posterior face of the bulla. 

Polarity: 0, paroccipital process posteriorly 
oriented; 1, paroccipital process ventrally 
oriented (fig. 132). 

21. Paroccipital process shape: Primi¬ 
tively the paroccipital process has a trian¬ 
gular or rodlike cross section, and this is true 
even when it is ventrally directed and fused 
with the bulla. From this primitive condition, 
the process may be flattened to closely hug 
the bulla, whereas in other instances, espe¬ 
cially in hypercarnivorous taxa, the process 
is elongated to expose a long free tip extend¬ 
ing beyond the part that is fused with the 
bulla. 

Polarity: 0, paroccipital process rodlike; 1, 
paroccipital process platelike, hugging bulla, 
and possibly with short free tip; 2, paroccip¬ 
ital process with elongated free tip. 

22. Suprameatal fossa: Presence of a 
shallow suprameatal fossa in Hesperocyon is 
a primitive condition in canids and Canifor- 
mia in general (Wang and Tedford, 1994). 
This fossa is lost in most canids. Enlarge¬ 
ment of this fossa was formerly thought to 
be restricted to procyonids (Riggs, 1942, 
1945; Segall, 1943; Hough, 1944, 1948), but 
recently it has been demonstrated to occur in 
a wider array of arctoids (Schmidt-Kittler, 
1981; Wolsan, 1993). Presence of a large su¬ 


prameatal fossa in Otarocyon illustrates that 
canids, too, can have an enlarged fossa, fur¬ 
ther demonstrating the homoplastic nature of 
this trait in caniform carnivorans. 

Polarity: 0, suprameatal fossa shallow or 
absent; 1, fossa enlarged. 

MANDIBLE 

23. Horizontal ramus of mandible: 

Primitively, the mandibular ramus is moder¬ 
ately deep without significant anterior taper¬ 
ing as in most hesperocyonines and boro- 
phagines, in contrast to the slender, anteriorly 
tapering ramus of canines. A shallow, slender 
mandible also occurs in Cynarctoides and in 
some species of Paracynarctus and Cynarc- 
tus. 

Polarity: 0, horizontal ramus deep and 
strong; 1, ramus shallow and slender (fig. 
133)." 

24. Symphyseal flange on ramus: An 

extensive ossification of the symphyseal joint 
may result in a weak symphyseal flange on 
the anteroventral border of the ramus in some 
highly derived borophagines. 

Polarity: 0, ramus without a flange; 1, ra¬ 
mus with a symphyseal flange (fig. 133). 

25. Height of masseteric fossa: The low¬ 
er border of the masseteric fossa is primi¬ 
tively near the lower border of the ramus. In 
advanced species of Cynarctus, however, the 
lower border of the masseteric fossa is ele¬ 
vated and further separated from the lower 
border of the ramus. 

Polarity: 0, masseteric fossa low; 1, mas¬ 
seteric fossa high (fig. 133). 

26. Anterior excavation of masseteric 
fossa: Advanced Borophagina sometimes 
have a deep masseteric fossa that expands 
anteriorly and results in a deep excavation of 
the anterior border of the fossa. 

Polarity: 0, masseteric fossa not excavat¬ 
ed; 1, masseteric fossa excavated anteriorly 
(fig- 133). 

27. Subangular lobe: Canids primitively 
lack a subangular lobe. Presence of this lobe 
in some hypocarnivorous borophagine clades 
is derived. The subangular lobe in the boro¬ 
phagines is generally smaller than those in 
some canines. 

Polarity: 0, subangular lobe absent or 
weak; 1, subangular lobe present (fig. 133). 
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Fig. 133. Comparative lateral views of mandibles of representative borophagines showing ramal and 
dental characteristics used in the phylogenetic analysis. Selected taxa include (from top down) Archaeo- 
cyon pavidus (F:AM 63222), Cynarctus crucidens (F:AM 49172), Aelurodon taxoides (F:AM 61781). 
Borophagus pugnator (F:AM 61662), and Borophagus diversidens (MSU 8034). Character numbers and 
state numbers (in parentheses) correspond to those listed in the character analysis and data matrix. The 
mandibles are not drawn to the same scale. 
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28. Angular process: Angular processes 
in borophagines generally have a broad shelf 
on the medial side but do not show much 
variation from this basic pattern, as com¬ 
pared to the more diverse morphology in ca¬ 
nines and hesperocyonines. There is a deep¬ 
ening of the process in the Borophagus clade 
compared to a relatively shallow process in 
most borophagines. 

Polarity: 0, angular process shallow; 1, an¬ 
gular process deep (fig. 133). 

29. Mandibular condyle: Primitively, the 
mandibular condyle is near the same level as 
the lower toothrow and is elevated above the 
toothrow in the cynarctine clade and Boro¬ 
phagus diversidens. 

Polarity: 0, mandibular condyle low; 1, 
mandibular condyle elevated above toothrow 
(fig- 133). 

DENTITION 

30. Bladelike cheekteeth: Sharp, blade¬ 
like cheekteeth, especially for anterior and 
posterior edges of the premolars, is an auta- 
pomorphy for Psalidocyon, as opposed to 
more blunt cheekteeth in the primitive con¬ 
dition. 

Polarity: 0, cheekteeth not bladelike; 1, 
cheekteeth bladelike (fig. 134). 

31. Incisor row: The upper incisor row 
primitively forms a curved, outwardly pro¬ 
truding outline. In advanced Aelurodon, the 
incisor row forms a straight transverse line. 

Polarity: 0, incisor row curved; 1, incisor 
row straight. 

32. 13 size: Primitively, the 13 is approx¬ 
imately the same size as the II or 12, or only 
slightly larger. Enlargement of the 13 is a de¬ 
rived feature occurring in some lineages of 
hypo- and hypercarnivorous borophagines. 
Polarity: 0, 13 not enlarged; 1, 13 enlarged 
relative to 11—12; 2, 13 greatly enlarged (figs. 
132, 134). 

33. 13 lateral cusp: Complex lateral ac¬ 
cessory cusplets on the 13 is an easily rec¬ 
ognizable characteristic of many borophagi- 
ne canids. This is especially true for the Ae- 
lurodontina clade, which trends toward a 
steady increase in the complexity of the 13. 
Beginning in Epicyon, and later in Boropha¬ 
gus, this trend is reversed toward decreasing 
the number of lateral cusplets. 


Polarity: 0, 13 without lateral cusplet; 1,13 
with one lateral cusplet; 2,13 with two lateral 
cusplets; 3, 13 with three lateral cusplets 
(figs. 132, 134). 

34. cl lateral groove: Presence of a lat¬ 
eral groove along much of the lateral side of 
the lower canine is a derived feature in Ar- 
chaeocyon and two species of Phlaocyon. 

Polarity: 0, cl without lateral groove; 1, 
cl with a lateral groove (fig. 133). 

35. Recurved cl: A short and markedly 
recurved lower canine is a synapomorphy of 
Cynarctus, as compared to relatively straight 
canines in most other canids. 

Polarity: 0, cl not recurved; 1, cl recurved 
(fig- 133). 

36. reduction or enlargement of pre¬ 
molar cusplets: A posterior accessory cusp 
and anterior and/or posterior cingular cusps 
in the upper and lower premolars (especially 
the posterior ones, i.e., P3, p3—p4) are pres¬ 
ent in most primitive canids. Reduction and 
loss of these cusplets occur frequently in ca¬ 
nines and in several borophagine lineages. 
On the other hand, the premolar cusplets in 
some hypercarnivorous lineages become 
more distinct. 

Polarity: 0, premolar cusplets moderately 
developed; 1, cusplets reduced or lost; 2, 
cusplets enlarged (figs. 133, 136). 

37. Premolars high-crowned: Dispro- 
portionally high-crowned premolars charac¬ 
terize two advanced species of Phlaocyon. 

Polarity: 0, premolars normal crown 
height; 1, premolars high-crowned (figs. 132, 
133). 

38. Anterior premolars low-crowned: 

Starting in Epicyon, and especially in Boro¬ 
phagus, the anterior premolars become pro¬ 
gressively lower-crowned compared to the 
crown height of P4 and p4. 

Polarity: 0, anterior premolars normal 
crown height; 1, anterior premolars low- 
crowned (figs. 132, 133). 

39. Premolars shortened: Premolars are 
shortened in several meso- and hypocarnivo- 
rous lineages, such as Otarocyon, Phlaocyon, 
Cynarctus, and Paratomarctus. 

Polarity: 0, premolars unshortened; 1, pre¬ 
molars shortened (figs. 133, 136). 

40. Premolars slender: One of the prom¬ 
inent characters of the Caninae is long, slen¬ 
der premolars with weak or no accessory 
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Fig. 134. Comparative occlusal views of upper teeth of representative borophagines and Hespero¬ 
cyon (as outgroup) showing dental characteristics used in the phylogenetic analysis. Selected borophag- 
ine taxa include (from top down) Archaeocyon pavidus (F:AM 63222), Cynarctoides acridens (F:AM 
99360), Phlaocyon multicuspus (FMNH UC1482), Cynarctus crucidens (F:AM 49172). Psalidocyon 
marianae (F:AM 27397), Aelurodon stirtoni (UNSM 25789), and Borophagus diversidens (MSU 8034). 
Character numbers and state numbers (in parentheses) correspond to those listed in the character analysis 
and data matrix. The cheekteeth are not drawn to the same scale. 
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cusps. Slender premolars, however, also oc¬ 
cur in advanced species of Cynarctoides. 

Polarity: 0, premolars not slender; 1, pre¬ 
molars slender. 

41. Premolars massive: In the aeluro- 
dontine clade and two hypercarnivorous spe¬ 
cies of Phlaocyon, the premolars are en¬ 
larged relative to the molars. This enlarge¬ 
ment is uniform throughout the premolar se¬ 
ries, in contrast to the differently enlarged p4 
compared with the other premolars in Epi- 
cyon through Borophagus. The latter feature 
is here considered a different character (char¬ 
acter 63 below). 

Polarity: 0, premolar not enlarged; 1, pre¬ 
molar moderately enlarged; 2, premolars 
massive (figs. 132, 133, 136). 

42. Premolar diastema: In an unelongat¬ 
ed skull in the primitive condition of the ca¬ 
nids, there is usually a very short or no di- 
astemata between premolars. Elongation of 
premolar diastemata is a synapomorphy for 
the Caninae, but also occurs in the Cynarc- 
tina clade as a result of shortening of the pre¬ 
molars and lengthening of the lower jaws. 

Polarity: 0, no diastemata between pre¬ 
molars; 1, long diastemata; 2, further length¬ 
ening of diastemata (fig. 133). 

43. Relative size of P4 vs. M1-M2: Hy- 
pocarnivorous taxa tend to have large molars 
for increased grinding area, whereas hyper- 
carnivorous taxa tend to reduce the molars 
and emphasize the shearing part of the den¬ 
tition. Both these trends are derived condi¬ 
tions compared to the primitive mesocarnivo- 
rous condition. 

Polarity: 0, normally proportioned P4 and 
upper molars; 1, upper molars enlarged rel¬ 
ative to P4; 2, upper molars reduced relative 
to P4 (fig. 134). 

44. P4 protoeone size: Enlargement of 
the P4 protocone is adopted by some hypo- 
carnivorous taxa to increase the grinding area 
of the cheekteeth. Such enlargement may 
also be associated with a widening of the lin¬ 
gual cingulum or development of a hypocone 
(character 48). On the other hand, reduction 
of the P4 protocone is commonly associated 
with hypercarnivory in the Borophagina 
clade. 

Polarity: 0, P4 protocone not enlarged; 1, 
protocone enlarged; 2, protocone reduced; 3, 



Fig. 135. Occlusal views of upper P4s of Ae- 
lurodon ferox (USNM 523, holotype) and Epi- 
cyon saevus (UF 24524) showing the connecting 
ridge (and lack of it) between the protocone and 
parastyle. The character number and states (in pa¬ 
rentheses) correspond to those listed in the char¬ 
acter analysis and data matrix. Illustration adopted 
from Baskin (1980: fig. 1). 

protocone further reduced to a mere bulge or 
an indistinct ridge (fig. 134). 

45. P4 protoeone and parastyle connec¬ 
tion: Baskin (1980) pointed out the connec¬ 
tion of these two cusps by a ridge in Epicyon, 
as opposed to the lack of such connection in 
Aelurodon, is a feature with consistent utility 
in the systematics of large “Aelurodon- like” 
taxa. However, he did not determine the po¬ 
larity of this character. As shown in transi¬ 
tional individuals of Epicyon, this ridge 
primitively leads from the protoeone to the 
apex of paracone in most primitive boro- 
phagines. The derived condition is thus a lat¬ 
eral shift of this ridge toward the parastyle. 

Polarity: 0, protoeone not connected to 
parastyle by a ridge; 1, protoeone connected 
to parastyle (fig. 135). 

46. P4 parastyle: Throughout the history 
of the borophagines, there are lineages that 
develop and enlarge their P4 parastyles in 
different ways. In some Phlaocyon and in 
Cynarctus crucidens, the P4 parastyle is sim¬ 
ply an enlarged and elevated anterior cingu¬ 
lum. In most borophagines, however, the ho¬ 
mology of the P4 parastyle is unclear. It may 
be a matter of definition whether the paras¬ 
tyle was derived by budding from the Ion- 
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gitudinal ridge on the anterior face of para- 
cone (i.e., development of a notch along the 
anterior ridge) or from elevating the anterior 
cingulum along the anterior face of paracone. 
In favor of the former scenario is the fact that 
development of a discrete parastyle is often 
preceded by an enlargement of the anterior 
ridge on the paracone apart from the anterior 
cingulum. On the other hand, most parastyles 
(except some in advanced species of Aelu- 
rodon) have a distinctly triangular outline in 
anterior view with the lateral edges converg¬ 
ing to the apex of the parastyle, with the base 
of this triangle (in top-down view) being the 
anterior cingulum. This latter construction of 
the parastyle leaves a distinct impression of 
an elevated cingulum. Since the parastyle is 
almost always situated at the juncture of the 
anterior cingulum and anterior ridge of the 
paracone, it is sometimes difficult to distin¬ 
guish between the above scenarios. In prac¬ 
tice, we assume a transformation series fol¬ 
lowing the first scenario. Furthermore, the 
size of the parastyle undergoes a reversal in 
advanced species of Borophagus. 

Polarity: 0, no P4 parastyle on the anterior 
cingulum; 1, parastyle originating from the 
anterior cingulum separate from the anterior 
ridge of paracone; 2, strong ridge on anterior 
face of paracone; 3, a distinct parastyle as 
delineated by a notch on the anterior ridge 
of paracone; 4, parastyle prominently en¬ 
larged (fig. 134). 

47. P4 lingual cingulum or hypocone: 

The P4 hypocones in hypocarnivorous bor- 
ophagines are derived through progressive 
enlargement of the internal cingulum behind 
the protocone. The entire spectrum of inter¬ 
mediate stages can often be observed. 

Polarity: 0, P4 internal cingulum week or 
absent; 1, cingulum thickened; 2, cingulum 
raised to become a hypocone (fig. 134). 

48. Ml parastyle: A strong Ml parastyle 
is present in most miacids. Although much 
reduced in hesperocyonines, the parastyle is 
further reduced in all borophagines and ca¬ 
nines, which serves as one of the key syna- 
pomorphies for a sister relationship of the 
two clades. 

Polarity: 0, Ml parastyle moderately large; 
1, parastyle extremely reduced (fig. 134). 

49. Ml labial cingulum at metacone: A 

labial cingulum lateral to the Ml metacone 


is primitively present in most borophagines. 
In advanced species of Cynarctus , however, 
this cingulum, especially the segment lateral 
to the metacone, is reduced or lost. The labial 
cingulum is also lost in advanced species of 
Borophagus , which, however, is the result of 
continued reduction of the labial cingulum 
beginning anteriorly (paracone). 

Polarity: 0, Ml labial cingulum present at 
metacone; 1, cingulum absent lateral to the 
metacone (fig. 134). 

50. Ml labial cingulum at paracone: 

Primitively, all borophagines have a well-de¬ 
veloped cingulum lateral to the Ml paracone. 
Reduction or loss of this segment of the cin¬ 
gulum occurs in the most hypercarnivorous 
borophagines in the Epicyon—Borophagus 
clade. 

Polarity: 0, Ml labial cingulum present at 
paracone; 1, cingulum absent lateral to the 
paracone (fig. 134). 

51. Ml shape: Miacids and hesperocyon- 
ine canids have a transversely elongated Ml 
with an asymmetrical labial border because 
of a large parastyle (vs. a much smaller me¬ 
tastyle) and posterolingually enlarged inter¬ 
nal cingulum. Beginning with Rhizocyon, 
borophagines have acquired a more quadrate 
appearance of the Ml by reduction of the 
parastyle and enlargement of the metacone, 
as well as anterior expansion of the internal 
cingulum around the protocone. In the Cy¬ 
narctus clade, on the other hand, the outline 
of the Ml is anteroposteriorly elongated to 
occlude with an enlarged ml talonid. 

Polarity: 0, Ml short but transversely 
wide; 1, Ml subquadrate; 2, Ml longitudi¬ 
nally elongated. 

52. Ml lingual cingulum: Most hespero¬ 
cyonines have the lingual cingulum (some¬ 
times produced as a hypocone) well devel¬ 
oped at the posterolingual corner of Ml but 
poorly developed anteriorly. In the primitive 
condition (as seen in Hesperocyon), the cin¬ 
gulum does not surround the protocone. In 
borophagines and canines the cingulum is 
extended anteriorly to fully surround the pro¬ 
tocone, resulting in a more symmetrical ap¬ 
pearance of the tooth. In Paracynarctus, ad¬ 
vanced species of Cynarctoides, and Carpo- 
cyon, the anterior segment of the cingulum 
is further thickened, sometimes forming a 
small cingular cusp distinct from hypocone. 
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In the hypercarnivorous taxa, however, such 
as in the Aelurodon clade, the lingual cin¬ 
gulum is restricted to the posterolingual cor¬ 
ner of the tooth, a reversal to the hespero- 
cyonine condition. 

Polarity: 0, Ml lingual cingulum posteri¬ 
orly positioned and not surrounding proto¬ 
cone; 1, Ml lingual cingulum anteriorly ex¬ 
tended to surround protocone; 2, anteriorly 
thickened lingual cingulum of Ml (fig. 134). 

53. Ml metaeonule: Primitively, the Ml 
metaconule is little more than a slight bulge 
near the lateral end of the postprotocrista. An 
enlarged metaconule in many meso- and hy- 
pocarnivorous taxa is a derived state. In the 
Phlaocyon multicuspus—achoros clade, the 
metaconule is further enlarged and split into 
two small cusps. 

Polarity: 0, Ml metaconule weak or ab¬ 
sent; 1, Ml metaconule large; 2, Ml meta¬ 
conule split into two cusps (fig. 134). 

54. Ml hypoeone: Most canids lack a 
conate hypoeone on the lingual cingulum of 
the Ml. The primitive condition is a broad 
lingual cingulum. A conate hypoeone, usu¬ 
ally differentiated from the lingual cingulum 
by a weak notch anteriorly, is independently 
developed in some hypocarnivorous clades. 
In advanced species of Cynarctoides , the hy- 
pocone is further surrounded by a narrow 
cingulum on the lingual side. 

Polarity: 0, conical Ml hypoeone absent; 
1, conical Ml hypoeone present; 2, Ml con¬ 
ical hypoeone surrounded by cingulum (fig. 
134). 

55. Ml paraeone: Primitively, the Ml 
paracone is of approximately the same height 
and size as the metacone. In hypercarnivo¬ 
rous clades, the paracone is much higher and 
larger than the metacone, acting as a shearing 
facet against the hypoconid of ml. 

Polarity: 0, Ml paracone low-crowned and 
subequal to metacone; 1, Ml paracone high¬ 
er-crowned and markedly larger than meta¬ 
cone (fig. 132). 

56. Ml paraeonule: Most borophagines 
have very weak or no paraeonule on Ml. 
Phlaocyon multicuspus and P. achoros, how¬ 
ever, share a distinct paraeonule on Ml. 

Polarity: 0, Ml paraeonule absent or 
weakly developed; 1, Ml paraeonule en¬ 
larged (fig. 134). 

57. Ml posterior border: Most boro¬ 


phagines have a gently curved posterior bor¬ 
der of the Ml. In Aelurodon stirtoni, the Ml 
is sharply concave due to posterior extension 
of the lingual cingulum. 

Polarity: 0, Ml posterior border slightly 
curved; 1, Ml posterior border sharply con¬ 
cave (fig. 134). 

58. M2 hypoeone: As in the case of Ml, 
there is no conate hypoeone in M2s of most 
canids, but a broad lingual cingulum in its 
place. Some hypocarnivorous taxa, however, 
tend to develop a distinct, conical hypoeone, 
and in extreme cases, such as advanced spe¬ 
cies of Cynarctus, the hypocones are further 
enlarged and posteriorly expanded. 

Polarity: 0, conical M2 hypoeone absent; 
1, M2 conical hypoeone present; M2 hypo- 
cone enlarged and posteriorly expanded (fig. 
134). 

59. M2 metaeonule and cingulum: Prim¬ 
itively the M2 metaconule and lingual cin¬ 
gulum are separated by a valley. Most bor¬ 
ophagines are derived in that a ridge con¬ 
nects the metaconule and cingulum. 

Polarity: 0, M2 metaconule and internal 
cingulum not connected; 1, M2 metaconule 
and internal cingulum connected by a ridge 
(fig. 134). 

60. M2 metaeone: In most borophagines, 
a small metacone is present on the M2s. This 
cusp is extremely reduced or lost in the Ae¬ 
lurodon megrewi—stirtoni clade. 

Polarity: 0, M2 metaeone present; 1, M2 
metacone very reduced or absent (fig. 134). 

61. M2 posterior cingulum: A posterior 
cingulum on M2 is usually absent or weak 
in borophagines. This cingulum becomes 
strong in some hypercarnivorous clades. 

Polarity: 0, M2 posterior cingulum absent 
or weakly developed; 1, M2 posterior cin¬ 
gulum well developed (fig. 97K). 

62. Reduction of pi: A small pi is prim¬ 
itively present in most canids. This tooth is 
lost in some hypercarnivorous forms due to 
shortening of the ramus and crowding of 
cheekteeth. 

Polarity: 0, pi present; 1, pi absent (figs. 
133, 136). 

63. p4 size relative to p3: The p4s in most 
borophagines are the largest of premolars 
along a gradual gradient from pi backward. 
Differential enlargement of the p4 relative to 
pi—p3 occurs in the Epicyon—Borophagus 
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Hesperocyon 

gregarius 


Archaeocyon 

pavidus 




Protepicyon 

raki 


Epicyon 

haydeni 



63 ( 2 ) 



Borophagus 

diversidens 



Fig. 136. Comparative occlusal views of the lower teeth of representative borophagines and Hes¬ 
perocyon (as outgroup) showing dental characteristics used in the phylogenetic analysis. Selected bor- 
ophagine taxa include (from top down) Archaeocyon paviclus (F:AM 63970), Cynarctoides emryi 
(UNSM 81-7-8-37), Cynarctus crucidens (F:AM 49172), Aelurodon taxoides (F:AM 25111), Protepi¬ 
cyon raki (F:AM 61738), Epicyon haydeni (F:AM 61453), and Borophagus diversidens (MSU 8034). 
Character numbers and state numbers (in parentheses) correspond to those listed in the character analysis 
and data matrix. The cheekteeth are not drawn to the same scale. 
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clade, and is developed to the extreme in ad¬ 
vanced species of Borophagus. 

Polarity: 0, p4 not disproportionally en¬ 
larged relative to p3; 1, p4 enlarged relative 
to p3; 2, p4 further widened to nearly the 
width of ml; 3, p4 wider than ml (fig. 136). 

64. p4 posterior accessory cusp position: 
Borophagines primitively have a p4 posterior 
accessory cusp that lies along the midline. 
From this morphotypical condition, the ac¬ 
cessory cusp is shifted laterally in advanced 
species of Cynarctoides. 

Polarity: 0, p4 posterior accessory cusp lo¬ 
cated along midline of tooth; 1, p4 accessory 
cusp shifted laterally (fig. 136). 

65. p4 posterior accessory cusp size: A 
moderate-size p4 posterior accessory cusp is 
present in all primitive borophagines. The p4 
(but not more anterior premolars) accessory 
cusp becomes enlarged in most species of 
Cynarctus. On the other hand, this cusp is 
completely lost in Borophagus diversidens 
due to the reclined principal cusp. 

Polarity: 0, moderate-size posterior acces¬ 
sory cusp; 1, p4 accessory cusp enlarged; 2, 
p4 accessory cusp lost (fig. 133). 

66. ml trigonid elongation: The ml tri- 
gonids in basal borophagines are short and 
the shearing facets are oriented obliquely. In¬ 
dependently in the Caninae, Archaeocyon 
leptodus, and in Cormocyon and more de¬ 
rived borophagine taxa, the trigonid is elon¬ 
gated and the paraconid blade is more open 
(longitudinally oriented). 

Polarity: 0, ml trigonid short; 1, ml tri¬ 
gonid elongated and open. 

67. ml trigonid shortening: Shortening 
of the ml trigonid occurs in some hypocar- 
nivorous clades as the functional emphasis is 
shifted from shearing to grinding. 

Polarity: 0, ml trigonid not shortened; 1, 
ml trigonid shortened (fig. 133). 

68. ml protostylid: Presence of a small 
protostylid on ml is a derived state in con¬ 
trast to the lack of this cusp in most boro¬ 
phagines. In the more hypocarnivorous spe¬ 
cies within the Cynarctoides and Cynarctus 
clades, the protostylid becomes strong and 
isolated from the protoconid. 

Polarity: 0, ml protostylid absent or pres¬ 
ence of a weak ridge; 1, ml protostylid 
small; 2, ml protostylid large and isolated 
from protoconid (fig. 136). 


69. ml talonid basin: Primitively in most 
hesperocyonines and basal cynoids, the tal¬ 
onid of ml is trenchant, dominated by a high 
hypoconid, and the entoconid, if present, is 
a low crest or a narrow shelf far lower than 
the hypoconid. As one of the fundamental 
synapomorphies for the Borophaginae—Can¬ 
inae clade, the entoconid ridge begins to rise 
and enlarge to nearly the same height as the 
hypoconid enclosing the talonid basin. This 
initial trend toward mesocarnivory is further 
developed in more derived borophagines and 
canines. The basined talonid, however, is 
also subject to reversals in hypercarnivorous 
taxa, such as in Euoplocyon and, to a lesser 
extent, in Aelurodon in the Borophaginae, 
and in Speothos and Cuon—Lycaon clades of 
the living Caninae. 

Polarity: 0, ml talonid trenchant; 1, ml 
talonid basined (fig. 136). 

70. ml talonid cusp shape: The talonid 
cusps, the hypoconid and entoconid, are 
primitively crestlike in borophagines. These 
cusps progressively become more conate in 
more derived forms. The next step is the for¬ 
mation of a transverse cristid between these 
two cusps, closing off the talonid basin pos¬ 
teriorly. This transformation is independently 
developed in different clades. 

Polarity: 0, ml talonid cusps crestlike; 1, 
talonid cusps conical; 2, talonid cusps with 
transverse cristid (figs. 136, 137). 

71. ml entoconid: Primitively, the ento¬ 
conid, sometimes split into an entoconulid 
anteriorly, extends forward to connect with 
the posterior face of the metaconid. A deep 
notch at the anterior end of the entoconid, 
resulting in a lingually opened talonid, is 
characteristic of Oxetocyon and Otarocyon. 
In some extreme forms within hypocarnivo¬ 
rous clades, on the other hand, the entocon¬ 
ulid is enlarged to superficially resemble a 
me tasty lid. 

Polarity: 0, ml entoconid crestlike or con¬ 
nected to a small entoconulid anteriorly; 1, 
ml entoconid deeply notched anteriorly; 2, 
elevated entoconulid (fig. 137). 

72. ml talonid width: The talonids of 
most borophagines are subequal in width to 
the trigonid. Widening of the talonid relative 
to the trigonid is a hypocarnivorous adapta¬ 
tion to enlarge the grinding area. Conversely, 
a narrow talonid and reduction of the ento- 
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Fig. 137. Lingual views of mis and m2s 
showing lower molar characters used in the phy¬ 
logenetic analysis. Illustrated taxa are (from top 
down) Archaeocyon pavidus (LACM-CIT 466), 
Otarocyon cooki (F:AM 49043), and Cynarctus 
crucidens (F:AM 49172). Character numbers and 
state numbers (in parentheses) correspond to those 
listed in the character analysis and data matrix. 
The lower teeth are not drawn to the same scale. 


conid are generally related to hypercarnivo- 
ry. 

Polarity: 0, ml talonid width subequal to 
that of trigonid; 1, ml talonid widened rel¬ 
ative to trigonid; 2, ml talonid narrow rela¬ 
tive to trigonid (fig. 136). 

73. ml-m2 selenodont: In one of the 
most striking examples of herbivory by a 
carnivoran, the lower molars of Cynarctoides 
emryi are selenodont by development of 
crescentic labial talonid cusps. 

Polarity: 0, lower molars not selenodont; 
1, lower molars selenodont (fig. 136). 


74. m2 enlargement: As part of the grind¬ 
ing dentition, the m2 in canids is sensitive to 
adaptations toward hypocarnivory. Various 
stages of m2 enlargement are thus character¬ 
istic of most hypocarnivorous clades. 

Polarity: 0, m2 not enlarged; 1, m2 en¬ 
larged; 2, m2 extremely enlarged (fig. 133). 

75. m2 reduction: Different degrees of 
m2 reductions are characteristic of some hy- 
percarnivorous clades. 

Polarity: 0, m2 not reduced; 1, m2 re¬ 
duced; 2, m2 further reduced (fig. 136). 

76. m2 metaeonid: Often covarying with 
its ml counterpart, the size of the m2 meta- 
conid is an indication of hypo-vs. hypercar- 
nivory. Primitively, the metaeonid is slightly 
lower than the protoconid in Hesperocyon. 
As taxa trend toward hypocarnivory, meta- 
conids become progressively higher, whereas 
they may be reduced or lost in hypercarni- 
vorous taxa. 

Polarity: 0, m2 metaeonid lower than pro¬ 
toconid; 1, metaeonid equal to or higher than 
protoconid; 2, metaeonid much higher and 
larger than protoconid; 3, metaeonid absent 
(figs. 136, 137). 

77. m2 protostylid: As in ml, m2 proto- 
stylids are related to hypocarnivory but do 
not necessarily strictly covary with the for¬ 
mer. The development of m2 protostylids is 
thus coded as a separate character. 

Polarity: 0, m2 protostylid absent; 1, m2 
protostylid small; 2, m2 protostylid large 
(fig- 136). 

78. Stratigraphic rank (not used in the 
PAUP analysis): Rank order of stratigraphic 
occurrences of each taxa are the earliest ap¬ 
pearances of the taxa in the North American 
Land Mammal ages, and the procedure is de¬ 
fined in the MacClade program (Maddison 
and Maddison, 1992). Divisions of the NAL- 
Ma follow that in the Materials and Methods 
section. No rigorous search procedure is 
available by the MacClade program, and the 
stratigraphic character cannot be used in the 
PAUP analysis. Inclusion of this character is 
thus mostly of heuristic values of the manual 
manipulations of the MacClade program. 

Polarity: 0, Chadronian; 1, Orellan; 2, 
Whitneyan; 3, early Arikareean; 4, medial 
Arikareean; 5, late Arikareean; 6, early Hem- 
ingfordian; 7, late Hemingfordian; 8, early 
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Barstovian; 9, late Barstovian; A, early Clar- Hemphillian; D, late Hemphillian; E, Blan- 
endonian; B, late Clarendonian; C, early can. 


PHYLOGENY 


Although there is no compelling reason 
that a parsimony method is better at finding 
the true phylogeny, we adopted the cladistic 
analysis for its explicit presentation that fa¬ 
cilitates hypothesis testing. We thus sought 
to explain the character distribution by short¬ 
est tree(s), which offers the most efficient 
summary of characters with a minimum 
number of untested hypotheses. 

A 68 taxa (including outgroups) by 77 
character (78 if the last character, stratigraph¬ 
ic rank, is included) matrix, representing 191 
character states (excluding stratigraphic 
rank), was compiled for our phylogenetic 
analysis (table 2). The data matrix has 13.1% 
missing data (in question marks). Most 
searching for shortest trees was done by the 
PAUP program (version 3.0, Swofford, 
1990), and parts of the results were verified 
by the HENNIG86 program (version 1.5, 
Farris, 1989). 

Of the 66 borophagine species, four are 
known by fragmentary jaws or isolated teeth 
only ( Archaeocyon roii, A. harlowi, Cynarc- 
tus marylandica, Carpocyon limosus ), and 
their inclusion in the parsimony analysis in¬ 
variably decreases resolution to the point of 
collapsing many branches of the trees be¬ 
cause of the lack of information for these 
taxa. An initial heuristic search on the entire 
data matrix (excluding the stratigraphic char¬ 
acter) yielded 14,038 trees with a length of 
265 steps. Most of these trees are caused by 
the free movement of the above four taxa to 
many positions. Our subsequent parsimony 
analyses were thus conducted on a subset of 
the matrix excluding the above four species. 
These poorly preserved taxa were later man¬ 
ually inserted into the resulting trees using 
the MacClade program (version 3.0, Maddi- 
son and Maddison, 1992) to explore their 
phylogenetic position. 

After the above exclusion, a core data ma¬ 
trix of 64 taxa by 77 characters was subject¬ 
ed to computer programs to search for the 
shortest trees. The large data set makes it im¬ 


practical to use search methods that guaran¬ 
tee shortest trees (such as Exhaustive or 
Branch and Bound methods in PAUP). In¬ 
stead, the Heuristic method in the PAUP pro¬ 
gram is employed. To ensure that the results 
from the Heuristic search did not miss im¬ 
portant topologies, we divided the data ma¬ 
trix into several overlapping subsets of taxa 
and applied the Branch and Bound method 
to each of the subsets. For example, in a top- 
down pass, all Borophagina were searched 
for shortest trees. In the next run, Carpocyon 
through Borophagus were excluded from the 
matrix and an approximately equal number 
of taxa more basal to the Borophagina clade 
(in this case Aelurodontina) were added to 
the matrix for analyses. The process was re¬ 
peated until the entire data set was exhausted. 
The same procedure was then applied in a 
bottom-up pass with a different overlapping 
subset of taxa. The selection of the subsets 
was such that different parts of the clades 
found by the Heuristic search could be thor¬ 
oughly analyzed to ensure that no new to¬ 
pology had been missed. 

A total of 282 shortest trees were recov¬ 
ered by PAUP from the core data matrix (all 
characters are unordered), with a total length 
of 261 steps. The large number of trees are 
the result of multiplications of just a few al¬ 
ternative topologies at a few nodes, and most 
taxa are fully resolved without ambiguity. 
For example, at the base of the Borophaginae 
clade, species of Archaeocyon, Oxetocyon, 
and Otarocyon are so primitive that lack of 
derived characters permits them to be freely 
associated with many other taxa or among 
themselves. Four of the unresolved segments, 
each featuring a few alternative trees, are 
summarized in figure 138. 

Figure 139 shows a strict consensus tree 
derived from the above 282 equally parsi¬ 
monious topologies. Lack of consistent syn- 
apomorphies for the basal borophagines 
causes near total collapse of the tree at its 
base. Conservative taxa near the base of 
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Character numbers and 
indicate missing data. 


Hesperocyoninae 

Caninae 

Archaeocyon pavidus 
Archaeocyon leptodus 
Archaeocyon falkenbachi 
Oxetocyon cuspidatus 
Otarocyon macdonaldi 
Otarocyon cooki 
Rhizocyon oregonensis 
Cynarctoides lemur 
Cynarctoides roii 
Cynarctoides harlowi 
Cynarctoides luskensis 
Cynarctoides gawnae 
Cynarctoides acridens 
Cynarctoides entryi 
Phlaocyon minor 
Phlaocyon latidens 
Phlaocyon annectens 
Phlaocyon achoros 
Phlaocyon multicuspus 
Phlaocyon marslandensis 
Phlaocyon leucosteus 
Phlaocyon yatkolai 
Phlaocyon mariae 
Cormocyon haydeni 
Cormocyon copei 
Desmocyon thornsoni 
Desmocyon matthewi 
Paracynarctus kelloggi 
Paracynarctus sinclairi 
Cynarctus galushai 
Cynarctus marylandica 
Cynarctus saxatilis 
Cynarctus voorhiesi 
Cynarctus crucidens 
Metatomarctus canavus 
Euoplocyon spissidens 
Euoplocyon brachygnathus 
Psalidocyon marianae 
Microtomarctus conferta 
Protomarctus optatus 
Tephrocyon rurestris 
Tomarctus hippophaga 
Tomarctus brevirostris 
Aelurodon asthenostylus 
Aelurodon megrewi 
Aelurodon stirtoni 
Aelurodon ferox 
Aelurodon taxoides 
Paratomarctus temerarius 
Paratomarctus euthos 
Carpocyon compressus 
Carpocyon webbi 
Carpocyon robustus 
Carpocyon limosus 
Proepicyon raki 
Epicyon aelurodontoides 
Epicyon saevus 
Epicyon haydeni 
Borophagus littoralis 
Borophagus pugnator 
Borophagus ore 
Borophagus parvus 
Borophagus secundus 
Borophagus hilli 
Borophagus dudleyi 
Borophagus diversidens 


TABLE 2 

Character Matrix of the Borophaginae 

states corresponds to those listed under Character Analysis. Question marks 


1 2 3 4 5 6 7 
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Fig. 138. Examples of some alternative trees for four of the least stable segments of the borophagine 
phylogeny. Dashed or dotted lines indicate equally parsimonious arrangements. The dashes represents 
preferred topologies that are further explained in the text. 


clades (e.g., Archaeocyon pavidus and A. 
leptodus) often lack clear tendencies toward 
particular directions and are poorly resolved. 
Beyond this basal cluster, however, taxa 
more derived than Rhizocyon are for the most 
part quite resolvable. Taxa with many miss¬ 
ing data are not necessarily difficult to re¬ 
solve. Possession of certain critical synapo- 
morphies are sufficient to consistently place 
some of the most poorly known taxa (e.g., 
Phlaocyon achoros). On the other hand, taxa 
with few or no missing data can be quite elu¬ 
sive in their cladistic relationships if they are 
defined mainly by plesiomorphic character¬ 
istics. 

From the above equally parsimonious 
trees, we chose a single topology (fig. 140) 
that represents the best fit in overall consid¬ 
eration, with the four poorly known species 
(Archaeocyon roii, A. harlowi, Cynarctus 
marylandica, Carpocyon limosus) added in. 
In the few cases where we must select among 
equally parsimonious alternatives, our 
choice, admittedly subjective, was based 


mainly on subtle morphological features of 
the uncertain taxa that cannot be objectively 
coded as discrete characters (such as size re¬ 
lationships) but nonetheless offered clues 
about initial tendencies toward certain clades 
(see discussions below for individual cases). 
In certain cases, stratigraphic occurrences are 
also taken into considerations mainly through 
the MacClade program. The following nar¬ 
rative discusses the various nodes along the 
cladogram (usually from primitive to de¬ 
rived) and details how we view these rela¬ 
tionships and how we justified certain rela¬ 
tionships where the parsimony analysis was 
ambiguous. 

At the most basal level, the evidence for a 
monophyletic Canidae is treated in greater 
depth elsewhere (Wang and Tedford, 1994; 
Wang, 1994). In those studies, we attempted 
to establish that Hesperocyon is a basal canid 
just slightly more advanced than Prohesper- 
ocyon. Our present analysis is built on the 
earlier studies and assumes that Hesperocyon 
is the closest sister-taxon to the Caninae— 
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Borophaginae clade and is an ideal outgroup 
because it possesses the right combination of 
primitive morphology and occurs at the right 
time. 

The basic relationships of the three sub¬ 
families of Canidae first proposed by Tedford 
(1978) are largely confirmed by this analysis, 
although certain basal taxa, such as Archaeo- 
cyon, Oxetocyon and Otarocyon, cannot be 
unambiguously demonstrated to belong to 
the Borophaginae (see below), a problem that 
also occurs in Hesperocyon within the sub¬ 
family Hesperocyoninae (Wang, 1994). The 
sister relationship between the Borophaginae 
and Caninae is supported by a few subtle but 
important synapomorphies mostly related to 
mesocarnivorous dentitions in contrast to 
more hypercarnivorous dental morphology of 
the Hesperocyoninae: reduced Ml parastyle, 
anteriorly expanded lingual cingulum of Ml, 
basined talonid of ml, and relatively tall m2 
metaconid. Apparently shortly after this ini¬ 
tial dichotomy from the Hesperocyoninae, 
the Caninae clade began to differentiate from 
the Borophaginae. Synapomorphies that sup¬ 
port the Caninae clade are mostly related to 
elongations of the cheekteeth and jaws and 
simplifications of premolars. The combina¬ 
tion of these characters (e.g., slender ramus, 
long diastemata between premolars, reduc¬ 
tion of premolar accessory cusps, long ml 
trigonid) easily distinguishes the Caninae and 
permits recognition of this clade in the early 
Oligocene (Wang and Tedford, 1996). 

Three basal genera, Archaeocyon, Oxeto¬ 
cyon, and Otarocyon, are presently included 
in our Borophaginae, but in the parsimony 
analysis they form a multichotomous bush at 
the base of the Caninae—Borophaginae clade. 
Although no derived character is found to 
place these genera on either side of the Can¬ 
inae—Borophagine dichotomy, it is likely that 
they are on the borophagine side for the fol¬ 
lowing reasons. First, in contrast to the ca¬ 
nines, borophagines such as Rhizocyon 
through Cormocyon tend to be more conser¬ 
vative in their dental morphology, that is, 
they are closer to the primitive morphotype 
of the canids (as exemplified by Hespero¬ 
cyon) than their counterparts in the Caninae 
(e.g., Leptocyon). The overall morphology of 
Archaeocyon is thus a better candidate for an 
ancestral borophagine than for a canine. Sec¬ 


ond, primitive borophagines have several 
groups that developed hypocarnivorous ad¬ 
aptations (e.g., Cynarctoides and Phlao- 
cyon), a tendency not seen in the canines un¬ 
til much later (e.g., Urocyon, Otocyon, and 
Nyctereutes in the Pliocene). Therefore, hy¬ 
pocarnivorous taxa, such as Oxetocyon and 
Otarocyon, seem more likely examples of 
these trends within the borophagines. Third, 
Leptocyon, the earliest taxon with typical 
synapomorphies of the Caninae, is from the 
Orellan (Wang and Tedford, 1996). With the 
exception of a single specimen of Otarocyon 
macdonaldi from the Orellan of South Da¬ 
kota, records of primitive borophagines (Ar¬ 
chaeocyon and Oxetocyon) begin in the 
Whitneyan. Compared to the Caninae, such 
a late appearance for these basal taxa is more 
congruent with their being on the borophag¬ 
ine rather than canine side of the dichotomy. 
The overall evidence cited above seems to 
point toward a borophagine affinity for these 
basal genera, even though cladistic proof is 
lacking. Another alternative is a literal inter¬ 
pretation of the parsimony analysis, that is, 
Archaeocyon, Oxetocyon, and Otarocyon are 
neither canines nor borophagines, but repre¬ 
sent a basal multichotomy of the Caninae— 
Borophaginae clade. Such an interpretation 
runs counter to the circumstantial evidence 
listed above and is considered less likely. 

Both monophyly and specific relationships 
of Archaeocyon are also unresolved in the 
cladistic analysis (fig. 138A). Once again, 
this is because of the conservative morphol¬ 
ogy that reveals no consistent pattern of re¬ 
lationships. On the basis of size trends and 
stratigraphic sequence, we postulate that A. 
pavidus probably gave rise to A. leptodus, 
which in turn gave rise to A. falkenbachi. Ar¬ 
chaeocyon leptodus possesses an elongated 
ml, a character present in the Caninae and 
in later borophagines (Cormocyon and up). 
In the present parsimony analysis, this single 
derived character is sufficient to pull A. lep¬ 
todus within the canine side of the clade. 
However, our coding of the Caninae is based 
on a composite taxon, Leptocyon, that does 
not take into account an early individual of 
Leptocyon from the Orellan of Nebraska (see 
Wang and Tedford, 1996). This specimen, 
UNSM 25354, has the morphology of the 
most primitive canine but is too poorly 
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Fig. 139. Strict consensus tree of borophagine canids, based on 282 equally parsimonious trees 
calculated by PAUP from a core data matrix of 64 taxa by 77 characters. Tree statistics: length, 297; 
consistency index, 40; retention index, 82. 
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Fig. 140. Proposed cladogram for the borophagine canids. Character distributions are mapped by ClaDos (version 1.2 by Kevin C. Nixon). 
All characters are nonadditive (unordered). Numbers above the branches represent characters and those below represent character states (all 
numbers correspond to those in table 2 and Character Descriptions above). Solid bars represent synapomorphies, and empty boxes represent 
homoplasies (parallelisms or reversals). Tree statistics: length, 296; consistency index, 40; retention index, 82. 
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known (a partial ramus only) to be properly 
coded into the matrix. As discussed under A. 
leptodus, this basal Leptocyon ramal frag¬ 
ment has a morphology that suggests that the 
elongated ml occurs after the appearance of 
the simplified and elongated premolars in the 
Caninae. Thus, if UNSM 25354 were includ¬ 
ed as a distinct species in this analysis, there 
would be two equally parsimonious solutions 
of either placing A. leptodus within the Can¬ 
inae or within the Borophaginae (in either 
case, the elongated ml is a homoplastic char¬ 
acter). We chose to view the latter option as 
more probable. 

The monophyletic genus Otarocyon is se¬ 
cure with numerous special synapomorphies 
found in no others. Furthermore, available 
evidence from stratigraphy and morphology 
strongly suggests that the two species, O. 
macdonaldi and O. cooki, form a chronospe- 
cies pair, with O. macdonaldi being ancestral 
to O. cooki. 

Although supported by several characters 
in the cladistic analysis, a sister relationship 
between Oxetocyon and Otarocyon is not as 
strong as it may seem (an alternative arrange¬ 
ment is to collapse Oxetocyon to the base, as 
in the strict consensus tree in fig. 139). Some 
of these shared characters represent hypocar- 
nivorous adaptations in both genera, and as 
these occur in other primitive borophagines, 
they can be the result of parallelisms. The 
fact that the two genera differ in numerous 
details suggests independent acquisitions of 
some of these characters. However, in the ab¬ 
sence of evidence to the contrary (lacking 
transitional taxa for both genera), we tenta¬ 
tively accept a sister relationship for Oxeto¬ 
cyon and Otarocyon as a hypothesis to be 
further tested, and we retain Oxetocyon as a 
monotypic genus. 

Beginning with Rhizocyon, borophagines 
become more recognizable as members of a 
monophyletic group through consistent 
shared-derived characters, even though these 
characters are still in their initial develop¬ 
ment. Standing close to the base of the bor- 
ophagine clade, Rhizocyon is little different 
from Hesperocyon beyond the few characters 
cited in the cladogram. Such primitive simi¬ 
larities had long been observed by early stu¬ 
dents of canids, who linked these two forms 
(often called Galecynus or Cynodictis) to¬ 


gether in the historical literature (Cope, 
1879a, 1879b, 1884; Merriam, 1906). 

Members of the tribe Phlaocyonini consist 
of hypocarnivorous taxa that were thought to 
play a significant role in the origin of the 
Procyonidae (Wortman and Matthew, 1899; 
McGrew, 1938a, 1941). Monophyly of the 
phlaocyonine clade is weakly supported by a 
derived character of ml protostylid, which is 
still somewhat inconsistently present among 
early members of the clade, especially in 
primitive species of Phlaocyon. Within the 
phlaocyonine clade, two genera form a sister 
relationship, Cynarctoides and Phlaocyon. 
Although their primitive species are quite 
similar to one another, their advanced mem¬ 
bers took quite different paths toward hypo- 
carnivory. 

The genus Cynarctoides is much larger in 
scope than previously recognized and forms 
a clade of its own. Membership of its most 
primitive species, C. lemur, is weakly sup¬ 
ported by two characters, a slender horizontal 
ramus and separate temporal crests, both of 
which were subject to repeated development 
in canids. Long known in the literature and 
represented by reasonably complete materi¬ 
als, C. lemur possesses few of the typical 
dental features traditionally identified with 
Cynarctoides, but if correctly identified, as 
was earlier suggested by Matthew (1932), it 
helps to bridge the large morphological gap 
between advanced members of the genus and 
other basal borophagines. Ignored since their 
original description, C. roii and C. harlowi 
are still too poorly known to be certain of 
their identity, and their placement within Cy¬ 
narctoides is only weakly suggested by a 
slender ramus and an m2 protostylid (in C. 
roii only), features that could be indepen¬ 
dently derived. 

Cynarctoides unambiguously begins with 
C. luskensis, which offers a rare opportunity 
to glimpse a transitional form. In almost ev¬ 
ery respects, C. luskensis stands in an inter¬ 
mediate position between more advanced (C. 
gawnae and up) and more primitive species 
(C. lemur and others). The presence of such 
typical Cynarctoides characters as slender 
premolars and conical ml talonid cusps 
clearly allies C. luskensis with the Cynarc¬ 
toides clade, but the lack of more derived 
features such as a conical hypocone on Ml— 
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M2 permits its identification as a perfectly 
transitional taxon. The latter feature, along 
with the first appearance of a strong m2 pro- 
tostylid, is first seen in C. gawnae. As an¬ 
other intermediate taxon in the pectinate 
clade, C. gawnae lacks the large number of 
characters shared by the most advanced Cy- 
narctoides, C. acridens and C. emryi. The 
latter two species are easily recognizable be¬ 
cause of their unusual tendency toward se- 
lenodonty. Their relationships to each other 
and to C. gawnae seem secure. 

Compared to Cynarctoides, the Phlaocyon 
clade is slightly better supported, not only by 
more recognizable characters, but also by 
greater consistency in the occurrence of these 
characters. Short premolars and a wide ml 
talonid are present in all species of Phlao¬ 
cyon, a taxon now much broader in scope 
than traditionally recognized. Although par¬ 
simony analysis suggests a basal position for 
P. minor followed by P. latidens, the latter 
is smaller in size and possibly earlier in oc¬ 
currence than the former. Since size increase 
is a trend in most other Phlaocyon, it is pos¬ 
sible that homoplasies may have obscured 
the true relationship. If P. latidens is at the 
base of the Phlaocyon clade, instead of P. 
minor, a cladogenetic event within the Phlao- 
cyonini separates the two small John Day 
forms, C. lemur and P. latidens, and led to 
their respective clades (genera). The next 
step, represented by P. annectens, is transi¬ 
tional to Phlaocyon, and its phylogenetic po¬ 
sition seems clear among the known taxa. 

The node above P. annectens marks a di¬ 
vergence point where three small clades of 
Phlaocyon arise. The earliest clade is the P. 
achoros—multicuspus species pair. Their mul- 
tiple-cusped upper molars are unique char¬ 
acteristics not seen elsewhere in canids and 
thus offer reasonable support for this clade. 
A sister relationship between P. marslanden- 
sis and leucosteus is strongly supported by 
synapomorphies mostly derived from their 
highly hypocarnivorous dentition. This rela¬ 
tionship has never been in doubt ever since 
McGrew (1941) first described P. marslan- 
densis. Contrary to McGrew (1941), how¬ 
ever, P. marslandensis is not descendent 
from P. leucosteus. Morphologically, the lat¬ 
ter is actually more apomorphous than the 
former. Although we are inclined toward a 


sister relationship between the P. marslan¬ 
densis—leucosteus clade and the P. yatkolai— 
mariae clade, support for such a relationship 
is weak and there is an equally parsimonious 
tree that links the P. marslandensis—leucos¬ 
teus clade with the P. achoros—multicuspus 
clade (fig. 138B). 

Finally, the newly described P. yatkolai 
and P. mariae are still poorly known with 
each species being represented by a single 
individual with only partial or fragmentary 
jaws. Our present proposal to link these rath¬ 
er hypercarnivorous species as sister-taxa is 
likely to be controversial. Uncertainty arises 
not only from the common frustration of 
poorly preserved materials, but also from the 
implication that a hypercarnivorous clade 
could have been derived from within a large¬ 
ly hypocarnivorous clade. However, avail¬ 
able evidence seems to hint at a Phlaocyon 
affinity, including robust premolars and a P4 
hypocone. Our proposed position for these 
two species can only be viewed as a tentative 
interpretation based on meager evidence, 
testable only by future discoveries. 

Most borophagines form a clade that is a 
sister to the Phlaocyonini. This large clade, 
tribe Borophagini, begins with the small, 
fox-size Cormocyon, whose sole feature in¬ 
dicating its membership within this clade is 
an elongated ml with an open trigonid. How¬ 
ever trivial this character may seem (it in¬ 
dependently occurs in the Caninae and Ar- 
chaeocyon leptodus), it initiates a long series 
of morphological modifications that led to 
the evolution of a diverse group of taxa that 
were the dominant canids in the late Tertiary 
of North America. Between Cormocyon and 
the Cynarctina clade there is a series of tran¬ 
sitional taxa in the late Arikareean and Hem- 
ingfordian characterized by trends toward 
larger size and more complex molars. 
Through Cormocyon and Desmocyon, the 
skulls begin to add air spaces in the form of 
frontal sinuses, and the grinding part of their 
dentition becomes more cuspidate. 

The subtribe Cynarctina marks the third 
(after Oxetocyon and the Phlaocyonini) clade 
of hypocarnivorous borophagines. Primitive 
members of the Cynarctina possess a com¬ 
bination of derived and primitive dental mor¬ 
phology (presence of a single accessory cusp 
on 13 and lack of an enlarged P4 parastyle) 
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that places them between Desmocyon mat- 
thewi and Metatomarctus. Within the cynarc- 
tine clade, we recognize a basal dichotomy 
represented by Paracynarctus and Cynarc¬ 
tus. On the Cynarctus side, C. galushai is 
grouped with the Cynarctus clade by such 
subtle dental features as a recurved lower ca¬ 
nine and slight elongation of upper molars. 
The poorly known C. marylandica is difficult 
to place in cladistic analysis due to the large 
amount of missing data (fig. 138C). Among 
the possible alternatives based on its size and 
morphology, we chose to placed it near the 
base of the Cynarctus clade because of its 
possession of a m2 protostylid. 

Extremely hypocarnivorous dental char¬ 
acters make advanced species of Cynarctus 
easily distinguishable, as indicated by a long 
list of synapomorphies below C. saxatilis. 
From C. saxatilis and above, there appears 
to be a linear progression toward smaller size 
and more complex bunodont dentitions, ter¬ 
minating in C. crucidens. If this is the case, 
the presently recognized three species appear 
to represent a chronocline. Partition of this 
lineage (i.e., how many species to be recog¬ 
nized) becomes an exercise of finding con¬ 
venient morphological or stratigraphic gaps. 

As in Cynarctus, the Paracynarctus clade 
also trends toward hypocarnivory, although 
to a lesser degree and in a different fashion. 
This is most clearly seen in the terminal spe¬ 
cies P. sinclairi, which possesses a P4 hy- 
pocone and large, quadrate upper molars, 
characters not seen or differently developed 
in Cynarctus. Some of the characters uniting 
the Paracynarctus clade also occur at various 
nodes within the Cynarctus clade. However, 
these characters (e.g., development of diaste- 
mata between the premolars and P4 cingu¬ 
lum) seem to be located at different nodes of 
the Cynarctus clade, indicating independent 
acquisitions along a different path. We thus 
regard P. kelloggi as more likely a Paracy¬ 
narctus. 

Taxa immediately above the Cynarctina 
(from Metatomarctus through Protomarctus ) 
form another transitional series toward later 
borophagines. The phyletic order of these 
taxa is mostly determined by their develop¬ 
ment of frontal sinuses, 13 lateral accessory 
cusps, and a P4 parastyle. Lack of a uniform 
dental pattern among these taxa is the most 


prominent feature in this segment of the 
clade. The extremely hypercarnivorous 
clade, Euoplocyon, is in sharp contrast with 
taxa on either side of the clade ( Metato¬ 
marctus and Psalidocyon). Euoplocyon ap¬ 
pears suddenly in the fossil record and has 
no intermediate form that would permit con¬ 
fident analysis of its relationship with other 
taxa. Psalidocyon is another form with 
unique dental features. Its sharply bladed 
cheekteeth represent autapomorphies that do 
not suggest relationships to other taxa. Al¬ 
though the distinct P4 parastyle of Psalido¬ 
cyon may indicate advanced status relative to 
Metatomarctus and Euoplocyon as postulated 
by the cladogram, it is conceivable that the 
development of a parastyle may have been 
related to its rather cuspidate cheekteeth (that 
is, independent development of a distinct P4 
parastyle remains a possibility to be tested 
by future discoveries). Further up in the phy- 
logeny is the genus Microtomarctus, which 
is constrained to its present position in the 
cladogram by the initial development of a 
posteriorly expanded nuchal crest (derived 
relative to Psalidocyon), but without elabo¬ 
rate frontal sinuses and a small auditory me¬ 
atus (primitive relative to Protomarctus). If 
our proposal about its phylogenetic position 
is correct, Microtomarctus clearly represents 
a dwarf lineage, because taxa both below and 
above Microtomarctus are larger in size. 

Protomarctus in the next node up is clos¬ 
est to the Aelurodontina—Borophagina di¬ 
chotomy. It is marked by derived (relative to 
Microtomarctus and below) characters of a 
well-formed frontal sinus that extends pos¬ 
teriorly behind the frontal—parietal suture and 
a small opening of the external auditory me¬ 
atus. On the other hand, Protomarctus lacks 
either the uniformly robust premolars, broad 
palates, and high sagittal crests in the Aelu¬ 
rodontina clade, or the highly domed fore¬ 
heads and reduced premolars in the Boro¬ 
phagina clade. Tephrocyon in the next node 
up is slightly more derived than Protomarc¬ 
tus in its large postorbital process. The exact 
relationship of Tephrocyon is not cladistical- 
ly resolved. It lacks the derived characters for 
the Aelurodontina and Borophagina clades 
and appears to be a transitional taxon at the 
base of these two great clades. 

The most primitive member of the Aelu- 
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rodontina clade is represented by Tomarctus 
hippophaga, a transitional taxon that quickly 
gave rise to T. brevirostris. The only char¬ 
acter of T. hippophaga that marks the begin¬ 
ning of the aelurodontine clade is its tenden¬ 
cy toward uniformly enlarged premolars, in 
contrast to the reduction of premolars and 
differential size of p3 and p4 in the Boro- 
phagina clade. Showing more aelurodontine 
characters, T. brevirostris occurs in the fol¬ 
lowing node. It shows a slightly broadened 
palate, narrowed nuchal crest, and high- 
crowned Ml paracone, features that are fur¬ 
ther developed in Aelurodon. 

Characters associated with Aelurodon be¬ 
gin to appear in its basal species A. asthen- 
ostylus, as shown by the numerous synapo- 
morphies uniting the genus. These derived 
characters are mostly associated with the in¬ 
creasing hypercarnivory of the lineage. Cra¬ 
nial modifications probably related to masti¬ 
catory enhancements include a high sagittal 
crest and ventrally elongated mastoid pro¬ 
cess. Molars and carnassials become more 
trenchant, as occurs in other hypercarnivo- 
rous canids (that is, reduced upper molars 
relative to P4, reduced P4 protocone, prom¬ 
inent P4 parastyle. Ml lingual cingulum re¬ 
stricted to posterior corner, narrow ml tal- 
onid, reduced m2, and reduced m2 metaco- 
nid). Additional derived characters are de¬ 
veloped in more advanced species of 
Aelurodon. Most of these characters, how¬ 
ever, are culminations of morphological 
trends that occurred earlier: widened poste¬ 
rior end of zygomatic arch, elongated par- 
occipital process, enlarged 13, more enlarged 
premolars and their accessory and cingular 
cusps, and reduced Ml metaconule. 

Two lineages diverged within the Aeluro¬ 
don in the late Barstovian: the A. mcgrewi— 
stirtoni clade and the A. ferox—taxoides 
clade. The first evidence of this dichotomy is 
found in A. mcgrewi in its extreme reduction 
or loss of the M2 metacone, which is shared 
with A. stirtoni (formerly the genotype of 
Strobodon). The A. mcgrewi—stirtoni lineage 
is marked by its reduction in size and ex¬ 
treme development of hypercarnivorous den¬ 
tition, such as trenchant cheekteeth and re¬ 
duced last molars. Implied by our proposed 
phylogenetic relationships are two character 
reversals in A. stirtoni: low sagittal crest and 


short nuchal crest. A. stirtoni is also charac¬ 
terized by an autapomorphy of its own: 
sharply concave posterior border of M1. 

The traditional concept of the genus Ae¬ 
lurodon is represented by the A. ferox—taxo¬ 
ides lineage. Representing the first attempt at 
gigantism by the borophagines, this clade is 
present in most late Barstovian through Clar- 
endonian faunas, and is numerically more 
dominant than other species of Aelurodon. 
Besides the large number of characters 
shared with the A. mcgrewi—stirtoni clade 
(wide zygomatic arch, long paroccipital pro¬ 
cess, large 13, large premolars and accessory 
cusps, reduced Ml metaconule), the A. fer¬ 
ox—taxoides lineage also acquired derived 
characters: broad contact of premaxillary and 
frontal, extremely high sagittal crest, further 
widened palate, transversely straight incisor 
row, and multiple (usually three) lateral ac¬ 
cessory cusps on 13. The A. ferox—taxoides 
species pair appears to be a continuous ana- 
genetic lineage, and as such, there is no nat¬ 
ural way of dividing it. The decision to di¬ 
vide it can be questioned in a strict cladistic 
sense. Besides size increase, however, there 
is enough morphological modification to en¬ 
compass more than one morphospecies in the 
traditional sense. We chose to divide the lin¬ 
eage into two species at the Barstovian—Clar- 
endonian boundary (sensu Tedford et al., 
1987), although an alternative division might 
be possible in regions with well-studied stra¬ 
tigraphy (e.g., Voorhies, 1990a). In the pre¬ 
sent division, the terminal species A. taxoides 
progressively acquires additional derived 
features such as a symphyseal boss, more re¬ 
duced P4 protocone, and loss of m2 meta- 
conid. 

We recognize three synapomorphies unit¬ 
ing members of the subtribe Borophagina: 
dorsally inflated frontal sinus that forms a 
dome on the forehead, reduction of premolar 
cusplets, and reduction of P4 protocone. Al¬ 
though the last character, reduction of P4 
protocone, also occurs independently in the 
Aelurodontina, the first two characters are 
unique for the Borophagina. The progres¬ 
sively more domed forehead in the Boro¬ 
phagina is in sharp contrast to the flat-headed 
Aelurodontina, and the reduced premolar ac¬ 
cessory and cingular cusps in the Borophag- 
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ina are opposite to the trend of increased 
cusplets in the Aelurodontina. 

The most primitive taxon of the Boro- 
phagina is Paratomarctus. Monophyly of the 
genus is suggested by a single synapomorphy 
of shortened premolars. The more primitive 
species P. temerarius from the Barstovian 
appears to have given rise to P. euthos from 
the latest Barstovian through Clarendonian as 
a descendant chronospecies. If so, the divi¬ 
sion of these two species becomes an exer¬ 
cise of taxonomic convenience. We chose to 
recognize a different species in the latest 
Barstovian in order to avail ourselves to the 
name euthos, for a well-known taxon from 
the Burge Member of the Valentine Forma¬ 
tion. Thus defined, P. euthos is more derived 
than P. temerarius in its moderately widened 
palate and weak symphyseal boss. 

The next clade above Paratomarctus is the 
genus Carpocyon. Carpocyon and the Pro- 
tepicyon—Borophagus clade share four syna- 
pomorphies that distinguish them from Par¬ 
atomarctus'. enlarged bulla, a short tube for 
auditory meatus, one lateral accessory cusp 
on 13 (a reversal), and a prominent P4 par- 
astyle. In addition, three autapomorphies ally 
Carpocyon species in a monophyletic group: 
enlarged upper molars relative to P4, Ml lin¬ 
gual cingulum anteriorly thickened so that 
the tooth has a quadrate outline, and enlarged 
m2. These autapomorphies are typical of hy- 
pocarnivorous dentitions. Carpocyon is ap¬ 
parently the last borophagine to explore hy- 
pocarnivory, but it is only moderately suc¬ 
cessful in this regard as compared with pre¬ 
vious lineages (e.g., Phlaocyonini and 
Cynarctina). 

We recognize four species within the Car¬ 
pocyon clade. At the base of the clade is C. 
compressus from Barstovian of the Great 
Plains. The slightly more derived C. webbi 
is the largest species of the genus and has a 
more marked mandibular subangular lobe 
than the former. The relationship of C. ro- 
bustus within the clade is still somewhat un¬ 
certain, despite its apparent sister relationship 
with C. limosus in the parsimony analysis. 
Such a relationship is only weakly supported 
by a vague posterior cingulum on M2. On 
the other hand, C. robustus has two derived 
characters (a deeply excavated anterior rim 
of masseteric fossa and a widened p4 relative 


to reduced p2—p3) that are commonly asso¬ 
ciated with the Protepicyon—Borophagus 
clade. It is thus still possible that C. robustus 
has a more derived position than is presently 
proposed. 

The transitional taxon Protepicyon shows 
the initial steps in the evolution of large 
bone-crushing canids, Epicyon and Boropha- 
gus. Derived characters that signal its ad¬ 
vanced status relative to Carpocyon include 
deeply excavated anterior rim of masseteric 
fossa, high-crowned Ml paracone, and wid¬ 
ened p4 relative to reduced anterior premo¬ 
lars. On the other hand, Protepicyon is still 
primitive relative to Epicyon in retention of 
a number of characters: unbroadened palate, 
presence of a lateral accessory cusp on 13, 
premolars not low-crowned, P4 protocone 
not connected to parastyle through a ridge, 
presence of Ml buccal cingulum, and p4 less 
enlarged relative to anterior premolars. 

A monophyletic Epicyon—Borophagus 
clade is strongly supported by derived states 
of characters listed above for Protepicyon. 
Most of these characters are related to a 
bone-crushing dentition (wide palate, re¬ 
duced p2—p3, enlarged p4, and high Ml 
paracone). At the base of this clade is Epi¬ 
cyon, whose monophyly is supported by a 
single character, the elongation of its paroc- 
cipital process. Within Epicyon, E. aeluro- 
dontoides is clearly a lineage of its own with 
its unique combination of derived characters, 
some of which parallel morphologies of Ae- 
lurodon: high sagittal crest, laterally com¬ 
pressed nuchal crest, posteroventrally ex¬ 
panded mastoid process, and reduced M2. In¬ 
complete information about its morphology 
(especially its lower dentition) and its pecu¬ 
liar development of Aelurodon- like charac¬ 
ters do not permit a stable resolution of its 
phylogenetic position (fig. 138D). We tenta¬ 
tively place it in the Epicyon clade. The sister 
species E. saevus and E. haydeni are united 
by two synapomorphies: concave dorsal edge 
of sagittal crest and reduced m2. E. haydeni 
has further evolved additional autapomor¬ 
phies that distinguish it from E. saevus: elon¬ 
gated auditory meatus, reduced P4 proto¬ 
cone, and low m2 metaconid, features that 
commonly occur in large hypercarnivorous 
carnivorans and are homoplastic within the 
Borophaginae as well. 
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The terminal clade Borophagus is relative¬ 
ly easy to recognize. Besides its shared char¬ 
acters with Epicyon, Borophagus has the fol¬ 
lowing autapomorphies: short rostrum, high¬ 
ly domed forehead, extreme reduction of P4 
protocone, and anteriorly expanded Ml lin¬ 
gual cingulum. Presence of these characters 
signals the beginning of this clade at B. lit- 
toralis from the early Clarendonian of Cali¬ 
fornia. The California progenitor of Boro¬ 
phagus is followed by B. pugnator in the 
Hemphillian of Great Plains and Gulf Coast, 
which is only slightly more advanced in its 
development of a weak boss at the symphy- 
seal joint. Although a deep angular process 
also first appears at B. pugnator, lack of pres¬ 
ervation of this structure in known materials 
of B. littoralis leaves the possibility open that 
it may occur there as well. 

Further shortening of its anterior premo¬ 
lars indicates a slightly more advanced po¬ 
sition for Borophagus ore. This dwarf Flor¬ 
ida species also has a tendency to lose its pi 
(as compared to B. parvus ), here considered 
to be an autapomorphy. Extreme widening of 
p4 relative to p2—p3 and reduction of m2 are 
the next steps in the Borophagus phylogeny, 
as represented by B. parvus from the late 
Hemphillian of Arizona and California. An¬ 
other small species of Borophagus, this form 
is rather similar to B. ore in its overall prim¬ 
itive morphology. 

Beginning in B. secundus, advanced spe¬ 
cies of Borophagus are signified by their 
highly derived morphology relative to B. 
parvus: extreme shortening of snout, promi¬ 
nent widening of palate at P4 and corre¬ 
sponding lateral flare of lower jaw, higher 
crowned and more posteriorly reclined p4, 
and loss of pi. These derived characters, 


along with some proportional differences in 
skull and dentition, mark a more conspicuous 
transformation when compared with the dif¬ 
ferences among primitive species. Toward 
the latest Hemphillian, further morphological 
modifications are acquired in B. hilli that are 
shared with B. diversidens (and presumably 
B. dudleyi, which may not preserve these 
features): enlarged 13, reduced P4 parastyle, 
loss of Ml buccal cingulum at metacone, and 
low m2 metaconid relative to protoconid. B. 
dudleyi in the latest Hemphillian of Florida 
is a highly derived taxon with extreme pos¬ 
terior expansion of frontal sinus to inion, a 
long paroccipital process, and a wide palate. 
Although these characters are apparently 
shared by B. diversidens, B. dudleyi does not 
appear to be a transitional taxon between B. 
hilli and B. diversidens. The cranial mor¬ 
phology of B. dudleyi is unique with its pos¬ 
teriorly reclined lateral profile of the frontal 
sinus, laterally expanded postorbital process, 
and long palate. Unfortunately, we know 
very little about the dental morphology of 
this species (dental characters mapped on the 
common stem of B. dudleyi and B. diversi¬ 
dens [fig. 140] are optimizations of the 
ClaDos programs). The terminal species B. 
diversidens in the late early through late 
Blancan has the most derived dental condi¬ 
tions among all borophagines. Much of the 
morphological modifications (autapomor¬ 
phies) within B. diversidens are continua¬ 
tions of trends developed in B. secundus 
through B. hilli: further widening of palate, 
higher mandibular condyle, further enlarge¬ 
ment of 13, loss of P4 parastyle. Ml lingual 
cingulum restricted to posterior corner (a re¬ 
versal), reduced Ml metaconule, loss of p4 
posterior accessory cusp, and further reduc¬ 
tion of m2. 


COMMENTS ON STRATIGRAPHY, GEOGRAPHY, 
AND DIVERSITY 


STRATIGRAPHY 

As a result of the Frick Collection, fossil 
records of the borophagines have moved 
from one of largely scattered occurrences in 
time and space to one of exceptional strati¬ 
graphic continuity and broad geographic 
coverage (fig. 141). During the late Tertiary 


of North America, borophagines certainly 
rank as one of the best represented group of 
carnivorans. With this extraordinary record, 
it is now possible not only to test ideas about 
phylogenetic relationships, the main focus of 
this volume, but also to explore issues related 
to temporal range, geographic distribution, 
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and tempo and mode of evolution. While 
these latter subjects will be the focus of fur¬ 
ther research that considers examples from 
the entire family Canidae, we briefly touch 
on some of these issues as a conclusion to 
this study. 

With the exception of Oxetocyon, the 
Phlaocyon yatkolai—mariae clade, the Eu- 
oplocyon clade, and Psalidocyon, which ap¬ 
pear in the fossil record rather suddenly with¬ 
out immediate close predecessors, most bor- 
ophagines have rather continuous fossil rec¬ 
ords. This continuity of record, with 
numerous transitional morphologies, permits 
a higher confidence in the phylogenetic re¬ 
construction than has been possible in the 
past. The postulated relationships are bridged 
by numerous transitional forms that substan¬ 
tiate our phylogeny in great detail. In some 
instances, the record is so continuous that 
partitioning lineages into more than one spe¬ 
cies becomes an exercise of arbitrary deci¬ 
sions resolved by cutting along certain chro¬ 
nologic boundaries in order to maintain co¬ 
efficients of variation comparable to those of 
living canid species (such as the Aelurodon 
ferox-taxoides and Paratomarctus temerar- 
ius-euthos species pairs). 

Despite such an exceptional record, how¬ 
ever, there are weaknesses that either place 
constraints on our phylogenetic analysis or 
limit our confidence in stratigraphic repre¬ 
sentations. The most significant shortcoming 
in our overall stratigraphic representation oc¬ 
curs in strata of medial Arikareean age (28— 
24 Ma), which are under-represented by 
chronologically well-constrained samples. 
Further collection and study of this interval 
may significantly refine our taxonomic cov¬ 
erage this period. This is especially true for 
Cynarctoides and Phlaocyon, which essen¬ 
tially lack medial Arikareean records, but, 
judging from the phylogenetic pattern (fig. 
141), must have undergone critical parts of 
their diversification during this period. 

Among the different borophagine clades, 
hypocarnivorous taxa appear to have worse 
records than do hypercarnivorous taxa. With 
the exception of Cynarctoides acridens, most 
hypocarnivorous species are represented by 
no more than a handful of specimens, in con¬ 
trast to the usually much larger samples of 
meso- and hypercarnivorous taxa. It remains 


to be determined whether this difference is a 
reflection of original abundances of the re¬ 
spective taxa or is affected by preservational 
biases, either because of the property of hard 
tissues (i.e., more delicate bones of small 
omnivores are less likely to be preserved 
than those of heavily built large predators) or 
because of habitat preferences (i.e., terrestrial 
deposits in the late Tertiary may favor open 
habitats where large pursuit predators are 
more likely present, as opposed to more 
wooded areas, which smaller omnivores pre¬ 
fer). 

In the presently recognized chronological 
units (subdivisions of the North American 
Land Mammal ages), most borophagine taxa 
have unbroken records during their existence 
(obviously the quality of the records are far 
from even). There are, however, noticeable 
gaps in the fossil record, indicating the pres¬ 
ence of unrecorded or ghost lineages (Norell, 
1992) in the intervening strata. Besides the 
large gaps in the medial Arikareean for Cy¬ 
narctoides and Phlaocyon, the following two 
examples are unlikely to have been influ¬ 
enced by taxonomic determinations (both ex¬ 
amples involve morphologically distinct lin¬ 
eages unlikely to be confused with other 
taxa). One involves a ghost lineage in the 
Whitneyan between the presently recognized 
Otarocyon cooki (early Arikareean) and O. 
macdonaldi (Orellan). Morphologically, a 
moderate gap exists between these two spe¬ 
cies that conceivably can be filled by a tran¬ 
sitional form in the Whitneyan. A similar sit¬ 
uation involves the Euoplocyon brachygna- 
thus—spissidens clade, which is missing in 
the late Hemingfordian, although morpho¬ 
logical distance between these two species is 
small and a late Hemingfordian transitional 
form is not expected to be greatly different 
from species on either side. 

As an approximate measure of the corre¬ 
spondence between the phylogenetic order of 
borophagines and their stratigraphic se¬ 
quence, figure 142 plots this relationship be¬ 
tween clade ranks and stratigraphic ranks. 
With a correlation coefficient of 0.939 (R 2 = 
0.881), there is a remarkable congruence be¬ 
tween phylogeny and stratigraphy in the bor¬ 
ophagine records. Certain incongruence be¬ 
tween first occurrences and phylogenetic 
ranks may be due either to incorrect recon- 
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Fig. 141. Stratigraphic distribution and postulated phyletic relationships for the Borophaginae. Al¬ 
though essentially based on our cladistic analyses, the phyletic relationships represent further specula¬ 
tions about the cladogenetic or anagenetic events, based on our assessment of their morphology and 
stratigraphy. Chronological framework is based on a revision of those proposed in Emry et al. (1987), 
Tedford et al. (1987), and Lundelius et al. (1987), as explained in the Materials and Methods section. 
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Fig. 142. Bivariate plot of phylogenetic vs. 
stratigraphic ranks, following the method by Gau¬ 
thier et al. (1988). Stratigraphic ranks follow that 
in Character Analysis (character 78). Linear re¬ 
gression produces an R 2 of 0.881 (R = 0.939) and 
a regression line of y = 1.57 — 1.766 (straight 
line among dots), where y indicates clade ranks 
and x indicates stratigraphic ranks. 


struction of some part of the cladogram be¬ 
cause of homoplasies or to incorrect assign¬ 
ment of ages. An example of the former may 
be in Phlaocyon latidens, which greatly pre¬ 
dates all of the descendent taxa (fig. 141). It 
is possible that P. latidens may be a preco¬ 
ciously advanced species that is actually an¬ 
cestral to P. minor. If such is the case, the 
late Arikareean P. annectens could have been 
arisen from within P. minor, which has a 
long stratigraphic record. An example of the 
problems of age assignment may be in Epi- 
cyon aelurodontoides, whose age estimate of 
early Hemphillian is based on poorly docu¬ 
mented assemblages and adjacent faunas that 
may or may not be coeval (i.e., an earlier 
occurrence for this taxon is possible). To fur¬ 
ther complicate the issue, E. aelurodontoides 
possesses several homoplastic characters to 
obscure its real phylogenetic position (the 
peculiar combination of its derived charac¬ 
ters implies that some of them must be ho¬ 
moplasies no matter what topology is settled 
on), hence its specific name. 

ZOOGEOGRAPHY 

Knowledge of geographic distribution of 
the borophagines is constrained by the fact 


that most of the Tertiary terrestrial deposits 
are exposed in the western half of North 
America and in the middle latitudes. Within 
the western United States, records from the 
West Coast are not comparable in quantity 
and quality to those of the Great Plains until 
the early Barstovian. Given such physical 
limitations, it is possible to discern only 
broad zoogeographic patterns that are often 
consistent with the distributions of other 
components of the fauna from which the ca¬ 
nids are derived. 

As in the case of many other late Tertiary 
groups, records from the northern Great 
Plains often provide the yardstick by which 
everything else is measured, despite frequent 
hiatuses in the Plains deposits. Out of 65 bor- 
ophagine species recognized in this study, 51 
are either exclusively found in the Great 
Plains or occur there during parts of their ex¬ 
istence. 

During the Barstovian and Clarendonian, 
deposits on the West Coast and southwestern 
United States seem to contain the earliest ap¬ 
pearances of all of the large-size, bone-crush¬ 
ing clades. The Aelurodon clade first ap¬ 
peared in the early Barstovian of California 
and Nevada in the form of Aelurodon as- 
thenostylus, which quickly expanded east¬ 
ward to the Great Plains, where it is first re¬ 
corded in the late early Barstovian of Colo¬ 
rado and then in the late Barstovian of Ne¬ 
braska. Also in the early Barstovian of 
California and New Mexico, the Epicyon 
clade is represented by its precursor Prote- 
picyon raki. After a significant hiatus in the 
late Barstovian, true Epicyon appears in the 
Clarendonian of the Great Plains. In the early 
Clarendonian of California, the Borophagus 
clade evolved its first member Borophagus 
littoralis, which appears to have been con¬ 
fined to California during the entire Claren¬ 
donian. The earliest record of the genus out¬ 
side California is the more derived species B. 
pugnator, which appears in the early Hem¬ 
phillian of the Great Plains. 

In the Gulf Coast, the Florida record may 
register the latest occurrence of certain clades 
(i.e., relics), such as Carpocyon limosus, in 
the latest Hemphillian when records of these 
taxa have all disappeared in the Great Plains 
and elsewhere. This may also be true of Ep¬ 
icyon haydeni and Borophagus pugnator in 
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the Upper Bone Valley deposits, although 
this is less certain due to possibilities of fau¬ 
nal mixing in these phosphate mines. A pos¬ 
sible case of dwarfism is seen in the late ear¬ 
ly Hemphillian of Florida in the form of Bor- 
ophagus ore. In addition, Florida may be the 
place of origin for the small Phlaocyon acho- 
ros—multicuspus clade, although chronologi¬ 
cal order in this case is not certain. 

DIVERSITY 

With the present addition of 18 new spe¬ 
cies, the total number of borophagine species 
now reaches to 66, a 38% increase over the 
previous known diversity of 48. The overall 
canid record in North America (approximate¬ 
ly 141 species; fig. 143) exceeds that of the 
Eurasian hyenids in terms of number of spe¬ 
cies (Werdelin and Solounias, 1991, listed 79 
species), in part because canids have a much 
longer history that dates back to the late Eo¬ 
cene more than 37 Ma. Hyenids, on the other 
hand, have a more recent history in the Mio¬ 
cene and later, that is, from 24 Ma to the 
present. Even after discounting the Paleo¬ 
gene records, the number of North American 
canids from the Neogene (more than 110) is 
still more than the Old World hyenids. 

As an approximate measure of dental di¬ 
versity, we adopt the concepts of hyper- and 
hypocarnivory to describe morphological ad¬ 
aptation in carnivorans. In a broader defini¬ 
tion than was originally proposed by Crusa- 
font-Pairo and Truyols-Santonja (1956), we 
classify a taxon as hypercarnivorous if it pos¬ 
sesses any dental tendency toward increased 
efficiency in shearing, which in canids com¬ 
monly involves the elongated shearing blades 
of carnassial teeth, reduction or loss of ml 
metaconid, shortened and simplified ml tal- 
onid, and reduction of M2 and m2—m3 
(bone-crushing forms are thus included as 
hypercarnivores in our definition, in contrast 
to that by Van Valkenburgh [1991], who 
adopted a narrower definition in order to be 
more strictly comparable to the catlike ad¬ 
aptations). In contrast, hypocarnivorous 
forms tend to shorten the shearing blade, and 
to enlarge and increase complexity of the 
grinding part of the dentition (ml talonid and 
m2—m3). As a coordinate term, mesocarnivo- 


ry is used to indicate a dentition lacking ei¬ 
ther of these specializations. 

Thus defined, borophagines are roughly 
composed of 20 hypocarnivorous, 21 hyper¬ 
carnivorous, and 25 mesocarnivorous species 
(the boundaries between these categories are 
not sharply delimited, and the above figures 
are thus subjective estimates). Hypocarnivo¬ 
rous taxa are concentrated in the Hemingfor- 
dian and Barstovian, in the earlier half of the 
borophagine history, and are all small to me¬ 
dium in size. Only one moderately hypocar¬ 
nivorous species ( Carpocyon limosus ) was 
present in the Hemphillian when borophagi¬ 
nes were completely dominated by hypercar¬ 
nivorous taxa. Besides the hypercarnivorous 
Euoplocyon in the Hemingfordian, the vast 
majority of hypercarnivorous species are in 
Barstovian through Blancan in age and are 
all medium- to large-size individuals. Many 
of these hypercarnivores are further special¬ 
ized in the durophagous direction, that is, 
cranial and dental modifications that are 
adapted for cracking bones. Species in the 
Aelurodontina clade are the modern equiva¬ 
lent of the African hunting dog ( Lycaon ) or 
Asiatic dhole ( Cuon ), whereas advanced taxa 
in the Borophagina clade are ecologically 
more comparable with modern hyenids, es¬ 
pecially the spotted hyena ( Crocuta ). Meso¬ 
carnivorous taxa maintain a rather constant 
presence throughout the history of the Bor- 
ophaginae except during the latest Tertiary 
when borophagines had become consistently 
large in size and decidedly hypercarnivorous. 
The mesocarnivorous species always provide 
the ancestral stocks for hypo- and hypercar¬ 
nivorous lineages. 

Postcranial materials for the Borophaginae 
remain quite limited. Munthe’s (1979, 1989) 
study of borophagine postcranial diversity is 
in need of updating in light of the present 
systematic revision, although her basic con¬ 
clusion is still valid. Her finding of a diverse 
array of postcranial adaptations, in contrast 
to the stereotypical view that these hyenoid 
dogs were noncursorial, bone-crushing scav¬ 
engers only, is consistent with our own sys¬ 
tematic conclusions. Her analysis, however, 
was confined to medium- to large-size hy¬ 
percarnivorous borophagines (generally the 
traditional concept of the group), and she did 
not consider the richly diverse small and hy- 
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Time (million years) 

Fig. 143. Patterns of fluctuating species diversity in the Borophaginae (A) and in three subfamilies 
of North American Canidae during the Cenozoic (B). Data for the Hesperocyoninae are based on Wang 
(1994) and those for the Caninae are from unpublished data. 


pocarnivorous groups. Figure 144 shows a 
log-ratio diagram for a few species of boro- 
phagines for which postcranial skeletons are 
relatively complete. One obvious trend in 
this diagram is that front limbs are propor¬ 
tionally more elongated than the hindlimbs 


in larger, more hypercarnivorous taxa, a ten¬ 
dency also prominent in the modern hyenids. 

Of the 66 recognized species, the average 
species longevity is approximately 3.4 m.y. 
(a figure dependent on how hypodigms for 
each species are assembled, i.e., researchers’ 
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for which postcranial skeletons are relatively complete. Measurements as defined in Munthe (1989) and 
data combined from Munthe (1989) and personal measurements. 


views of paleospecies as well as their notion 
of morphological breadth for morphospe- 
cies). Given that our treatment of species in¬ 
cludes both cladogenetic and anagenetic lin¬ 
eages, the species longevity may be more of 
a reflection of the rate of morphological evo¬ 
lution than the actual duration of the species. 
Small mesocarnivorous taxa tend to have a 
longer species longevity—their rate of mor¬ 
phological evolution seems slower than the 
larger, more specialized taxa. The chronolog¬ 
ical limits of each taxon are also influenced 
by the precision of assignment of the limits 
of the geochron for each hypodigm. Perhaps 
a more meaningful measure is the longevity 
of clades. Again, clades of small- to medium- 
size hypocarnivores (Phlaocyonini, 15.2 
m.y.; Cynarctina, 9.5 m.y.) seem to slightly 
outlive clades of large hypercarnivores (Ae- 
lurodontina, 7 m.y.; hypercarnivorous part of 
Borophagina, 14 m.y.). 

Early in the Oligocene (about 30 Ma) both 


hesperocyonines and borophagines achieved 
near maximum species diversity (fig. 143), 
probably within the first 6 m.y. of the exis¬ 
tence of the borophagines. This rapid clado- 
genesis yielded the basis for the Phlaocyon¬ 
ini as well as seeing the continuation of a 
number of archaic clades of some adaptive 
diversity. At this time the Canidae were more 
diverse in terms of species numbers than dur¬ 
ing any other period. This seems largely due 
to the mostly opposite adaptive pathways fol¬ 
lowed by these subfamilies: the Hespero- 
cyoninae were largely hypercarnivorous, the 
Borophaginae largely exploited hypocarni- 
vorous adaptations, and the rare Caninae 
were mesocarnivorous. It may be significant 
that this diversity coincided with a major en¬ 
vironmental change (a long episode of Ant¬ 
arctic glaciation) and a corresponding chron- 
ofaunal reorganization (Tedford et al. 1996). 
The Oligocene (28-24 Ma) drop in boro¬ 
phagine diversity is partly an artifact of the 






344 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


NO. 243 


poor record of the group in the Great Plains 
during an interval whose paleontological his¬ 
tory is not well understood. 

Hypocarnivorous adaptations continued to 
be dominant among borophagines into the 
early Miocene (late Arikareean) and to in¬ 
volve the appearance of additional lineages 
as hesperocyonines took a drastic drop in di¬ 
versity. The appearance of early members of 
the Borophagini ( Cormocyon and Desmo- 
cyori) in the late Oligocene and early Mio¬ 
cene augmented the diverse phlaocyonines to 
initiate the major phase of borophagine di¬ 
versity during the early Miocene. This was 
largely brought about by rapid cladogenesis 
of meso- to hypercarnivorous borophagines, 
the basal stocks of both the Aelurodontina 
and Borophagina, and a further development 
of another hypocarnivorous group, the Cy- 
narctina. This diverse array of species flour¬ 
ished from the late Hemingfordian into the 
Barstovian during the organization of the 
Miocene chronofauna that produced the 
greatest ungulate diversity in North America 
(Webb et al., 1995). Borophagine species di¬ 
versity drops rapidly after 16 Ma, at the Bar¬ 
stovian—Hemingfordian boundary, tracking 
but peaking before the high point of ungulate 
diversity. In the Barstovian and Clarendoni- 
an, cladogenesis is largely confined to the 
Borophagina, especially within Borophagus 
during the Hemphillian (late Miocene). In the 
Hemphillian, competition with immigrants 
felids, large mustelids, and giant ursids in¬ 
tensified, leading to durophagous adaptations 
among the borophagines as a vital survival 
strategy. The presence of the ecomorph Eur¬ 
asian procyonid Simocyon (Wang, 1997) in 
North America at this time gives further ev¬ 
idence of openings in the niche for bone-pro¬ 
cessing carnivores in the late Miocene. In the 
Blancan, the highly derived Borophagus div- 


ersidens, last of the subfamily, continues in 
the face of competition from hyenas ( Chas- 
maporthetes ) and the rise of pack hunting 
wolves ( Canis edwardi ) as the Caninae enter 
their rapid phase of cladogenesis during the 
Pliocene and Pleistocene. 

As a subfamily of canids, the Borophagi- 
nae, although confined to the Tertiary of 
North America, is notable among families of 
carnivorans in its richness of morphological 
adaptations. Borophagines encompassed the 
combined ecological roles played by modern 
canids, hyenids, and procyonids, a reflection 
of the evolutionary flexibility of canids and 
their ability for rapid diversification given 
proper opportunities (Van Valkenburgh, 
1991). In the later Tertiary, borophagines are 
about equal to hyenids in their range of 
meso- and hypercarnivorous adaptations, al¬ 
though the borophagines have fewer bone¬ 
crushing (durophagous) clades. There is a 
close parallel in the ecological roles played 
by the North American borophagines and the 
late Tertiary hyenids in Eurasia. While there 
are some durophagous canids ( Epicyon , Bor¬ 
ophagus, and possibly certain Aelurodon) 
that are the Tertiary trophic equivalent of 
modern hyenas, there are also a large number 
of extinct hyenids (e.g., Ictitherium, Thalas- 
sictis, Hyaenictitherium ) that are the Tertiary 
equivalent of mesocarnivorous canids. This 
largely overlapping trophic status may have 
been a reason that the Eurasian hyenid and 
North American canid faunas were confined 
to their own continents despite the evidence 
of considerable interchange of other carnivo¬ 
rans and ungulates during the Tertiary (Ted- 
ford et al., 1987). Only when the borophag¬ 
ines were nearly extinct did a single hyenid 
lineage (Chasmaporthetes) establish itself in 
North America. To date, no such record of a 
borophagine has been found in the Tertiary 
of Eurasia. 
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APPENDIX I 

List of Taxa by Localities 


Unless otherwise noted, biochronologic termi¬ 
nology and correlations follow those of Emry et 
al. (1987) for Orellan through Whitneyan strata, 
Tedford et al. (1987) for Arikareean through 
Hemphillian strata, and Lundelius et al. (1987) 
and Repenning (1987) for Blancan strata. We fol¬ 
low Tedford et al. (1987: fig. 6.2) for the informal 
subdivisions within the Land Mammal ages (e.g., 
early or late Hemingfordian). In the case of the 
long interval for the Arikareean, we adopt a tri¬ 
partite division of early, medial, and late Arika¬ 
reean that correspond to Tedford et al.’s (1987: 
fig. 6.2) early early (e.g., Gering Fauna and equiv¬ 
alent), late early (e.g., Monroe Creek Fauna and 
equivalent), and late (e.g., Harrison Fauna plus 
Agate Spring Local Fauna) Arikareean. In the 
case of the Blancan age, which was either undi¬ 
vided by Lundelius et al. (1987: fig. 7.3) or sub¬ 
divided into five biochrons based on microtine ro¬ 
dents by Repenning (1987: fig. 8.1), we arbitrarily 
divide the early and late Blancan at the boundary 
between the Blancan II and III of Repenning. For 
further explanations about the chronological cali¬ 
brations, see the Materials and Methods section. 
An asterisk indicates that the holotype of the des¬ 
ignated taxon is from the locality noted. 

Orellan 

Scenic Member, Brule Formation, Shannon Coun¬ 
ty, South Dakota: *Otarocyon macdonaldi. 
Toston Formation, Lewis and Clark County, Mon¬ 
tana: Otarocyon macdonaldi. 

Whitneyan 

Whitney Member, Brule Formation, Dawes, Mor¬ 
rill, Scotts Bluff, and Sioux counties, Nebraska: 
Archaeocyon pavidus, Archaeocyon leptodus, 
and Oxetocyon cuspidatus. 

Whitney Member, Brule Formation, Three Tubs 
locality, north side of 66 Mountain, Goshen 
County, Wyoming: Archaeocyon leptodus. 
Poleslide Member, Brule Formation, Jackson and 
Shannon counties. South Dakota: Archaeocyon 
pavidus and * Oxetocyon cuspidatus. 

?Whitneyan 


?Poleslide Member. Brule Formation. Cedar Pass, 
South Dakota: Cynarctoides lemur. 

Latest Whitneyan or earliest Arikareean 

Kew Quarry Local Fauna, Sespe Formation, Las 
Posas Hills, Ventura County, California: *Ar- 
chaeocyon pavidus. 

Early Arikareean 

Horn Member. Brule Formation, Banner and Mor¬ 
rill counties, Nebraska: Archaeocyon leptodus. 

Lower part of Sharps Formation, Shannon Coun¬ 
ty, South Dakota: Archaeocyon pavidus and Cy¬ 
narctoides lemur. 

Upper part of Sharps Formation, Jackson and 
Shannon counties. South Dakota: Archaeocyon 
leptodus, *Otarocyon cooki, Cynarctoides le¬ 
mur, ^Cynarctoides roii, and Cormocyon hay- 
deni. 

Gering Formation, Morrill County, Nebraska: Ox¬ 
etocyon cuspidatus. 

Lower Arikaree Group, White Butte (Chalky 
Buttes), Slope County, North Dakota: Archaeo¬ 
cyon leptodus. 

Lower Arikaree Group, Little Muddy Creek, Ni¬ 
obrara County, Wyoming: Archaeocyon lepto¬ 
dus, Otarocyon cooki, and Phlaocyon minor. 

Lower Arikaree Group, Willow Creek, Niobrara 
County, Wyoming: Archaeocyon leptodus. 

Lower Arikaree Group, south side of Bear Moun¬ 
tain, Goshen County, Wyoming: Archaeocyon 
leptodus. 

Lower Arikaree Group, Horse Creek area, Goshen 
County, Wyoming and Banner County, Nebras¬ 
ka: Archaeocyon leptodus and Cynarctoides 
roii. 

Lower Arikaree Group, Goshen Hole, Goshen 
County, Wyoming: * Archaeocyon leptodus. 

Toston Formation, Canyon Ferry area, Lewis and 
Clark County, Montana: Archaeocyon leptodus. 

Turtle Cove Member, John Day Formation, 
Wheeler and Grant counties, Oregon: Archaeo¬ 
cyon pavidus, *Rhizocyon oregonensis, *Cy- 
narctoides lemur, *Phlaocyon latidens, and 
*Cormocyon copei. 
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Medial Arikareean 

Lower Arikaree Group, Muddy Creek, Niobrara 
and Platte counties, Wyoming: Archaeocyon 
leptodus, * Archaeocyon falkenbaclii, and Otar- 
ocyon cooki. 

Lower Arikaree Group, north of Jeriah, Niobrara 
County, Wyoming: Otarocyon cooki. 

Upper part of the lower Arikaree Group, west of 
Spanish Diggings, Niobrara County, Wyoming: 
Cormocyon hay deni. 

Lower Rosebud beds, equivalent to Monroe Creek 
Formation, Wounded Knee area. Shannon 
County, South Dakota: Cormocyon haydeni. 

Turtle Butte Formation. Tripp County, South Da¬ 
kota: Phlaocyon minor. 

Medial or late Arikareean 

Lower Rosebud beds, equivalent to Monroe Creek 
Formation or Harrison Formation, Wounded 
Knee area, east of Porcupine Creek, Shannon 
County, South Dakota: Cynarctoides acridens. 

Browns Park Formation. Moffat County, Colora¬ 
do: Cynarctoides lemur and Phlaocyon annec- 
tens. 

Late Arikareean 

Harrison Formation. Agate area, Sioux County, 
Nebraska: Cynarctoides acridens, Phlaocyon 
minor, and Desmocyon thomsoni. 

Rocks referred to Harrison Formation, north of 
Lusk area, Niobrara County, Wyoming: Cor¬ 
mocyon haydeni. 

Rocks equivalent to Harrison Formation. Eagle 
Nest Butte, 260 ft above the base of the ex¬ 
posed section, Washabaugh County, South Da¬ 
kota: *Cormocyon haydeni. 

Upper Harrison beds. Agate area, Sioux County, 
Nebraska: * Cynarctoides acridens, Cynarcto¬ 
ides emryi, *Phlaocyon annectens, and Des¬ 
mocyon thomsoni. 

Upper Harrison beds, south side of Dry Creek, 
Box Butte County, Nebraska: Phlaocyon leu- 
costeus. 

Upper Harrison beds, north of Lusk, Niobrara 
County, Wyoming: Desmocyon thomsoni. 

Upper Harrison beds, south of Lusk, Niobrara 
County, Wyoming: Phlaocyon minor and Des¬ 
mocyon thomsoni. 

Upper Harrison beds, south of Lusk, Goshen 
County, Wyoming: * Cynarctoides luskensis, 
Cynarctoides acridens, Phlaocyon minor, 
*Phlaocyon multicuspus, and Desmocyon thom¬ 
soni. 

Upper Harrison beds. Spoon Buttes area, Goshen 
County, Wyoming: Desmocyon thomsoni. 

Upper Harrison beds, Wheatland area, Platte 
County, Wyoming: Desmocyon thomsoni. 

Upper Harrison beds, Van Tassel area, Niobrara 
County, Wyoming and Sioux County, Nebras¬ 


ka: * Cynarctoides harlowi, Phlaocyon minor, 
and Phlaocyon annectens. 

Upper Harrison beds, 7 mi southeast of Chug- 
water, Platte County, Wyoming: Cynarctoides 
luskensis. 

Upper Harrison beds, Guernsey area, Platte Coun¬ 
ty, Wyoming: Phlaocyon minor and Desmocyon 
thomsoni. 

Upper Harrison beds. Cherry County, Nebraska: 
Desmocyon thomsoni. 

Rosebud Formation, Wounded Knee area. Shan¬ 
non County, South Dakota: * Phlaocyon minor 
and * Desmocyon thomsoni. 

Troublesome Formation, Grand County, Colora¬ 
do: Cormocyon copei. 

?Haystack Valley Member, John Day Formation. 
Oregon: Desmocyon thomsoni. 

Lower part of Piedra Parada Member, Zia For¬ 
mation, Standing Rock Quarry. Sandoval Coun¬ 
ty, New Mexico: Cynarctoides acridens. 

Cedar Run Local Fauna, Oakville Formation, Ce¬ 
dar Creek, Washington County, Texas: Phlao¬ 
cyon minor. 

Castolon Local Fauna, lower part of Delaho For¬ 
mation, Big Bend National Park, Brewster 
County, Texas: Phlaocyon annectens. 

Buda Local Fauna, Alachua County, Florida: Cy¬ 
narctoides lemur, *Phlaocyon achoros, and 
Cormocyon copei. 

SB-1A Local Fauna, 1 mi north of Live Oak, Su¬ 
wannee County, Florida: Phlaocyon leucosteus. 

Early Hemingfordian 

Runningwater Formation, Box Butte, Cherry and 
Dawes counties, Nebraska: Cynarctoides acri¬ 
dens, *Cynarctoides emryi, *Phlaocyon mar- 
slandensis, Phlaocyon leucosteus, *Phlaocyon 
yatkolai, Desmocyon thomsoni, *Desmocyon 
matthewi, Paracynarctus kelloggi, and Metato- 
marctus canavus. 

Runningwater Formation, Stamen Ranch, Sioux 
County, Nebraska: Cynarctoides emryi. 

Runningwater Formation, Bridgeport Quarry, 
Morrill County, Nebraska: Cynarctoides acri¬ 
dens, Desmocyon thomsoni, and Metatomarctus 
canavus. 

Runningwater Formation, Aletomeryx Quarry and 
vicinity, near Antelope Creek, Cherry County, 
Nebraska: Cynarctoides acridens, Phlaocyon 
leucosteus, *Phlaocyon mariae, and Desmo¬ 
cyon matthewi. 

Runningwater Formation, 2 mi west of Pole 
Creek, Cherry County. Nebraska: Metatomarc¬ 
tus canavus and Desmocyon matthewi. 

Runningwater Formation. Clinton Highway Lo¬ 
cality, Sheridan County, Nebraska: Phlaocyon 
marslandensis and Metatomarctus canavus. 
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?Runningwater Formation, Spiers Quarry, Dawes 
County, Nebraska: Desmocyon thomsoni. 

Martin Canyon Local Fauna, Martin Canyon beds, 
Logan County, Colorado: Cynarctoides acri- 
dens, *Phlaocyon leucosteus , and Protomarctus 
optatus. 

Geertson Formation. Lemhi Valley, 40 mi south 
of Salmon, Lemni County, Idaho: Cynarctoides 
acridens. 

Near middle of Chamisa Mesa Member, Zia For¬ 
mation, Blick and Cynarctoides quarries, San¬ 
doval County, New Mexico: Cynarctoides ac¬ 
ridens and Protomarctus optatus. 

Near middle of Chamisa Mesa Member, Zia For¬ 
mation, Jemez Creek drainage, southwest cor¬ 
ner of Blickomylus Hill, local green zone near 
base of hill. Sandoval County, New Mexico: 
Cynarctoides gawnae. 

Upper part of Chamisa Mesa Member, Zia For¬ 
mation, Jeep Quarry, Sandoval County, New 
Mexico: * Cynarctoides gawnae, Desmocyon 
thomsoni , and Metatomarctus canavus. 

Canyada Pilares Member, Zia Formation, Can- 
yada Pilares, Northern Ceja del Rio Puerco 
area. New Mexico: Paracynarctus kelloggi. 

Oakville Formation, Hidalgo Bluff, Washington 
County, Texas: Cynarctoides acridens. 

Thomas Farm Local Fauna, Hawthorn Formation, 
Gilchrist County. Florida: * Metatomarctus can¬ 
avus , and *Euoplocyon spissidens. 

Pollack Farm Site, lower Calvert Formation, near 
Cheswold, Delaware: Paracynarctus kelloggi 
and Metatomarctus canavus. 

Miller Locality, ?Dixie County, Florida: Desmo¬ 
cyon matthewi. 

Late Hemingfordian 

Box Butte Formation, Box Butte and Dawes 
counties, Nebraska: Cynarctoides acridens, 
Phlaocyon leucosteus, and Protomarctus opta¬ 
tus. 

Sheep Creek Fauna, Sheep Creek Formation. 
Sioux County. Nebraska: Cynarctoides acri¬ 
dens and *Protomarctus optatus. 

?Sheep Creek Formation, Whistle Creek. Sioux 
County, Nebraska: Protomarctus optatus. 

Rocks temporally equivalent to the Sheep Creek 
Formation, Ginn Quarry. Dawes County, Ne¬ 
braska: Cynarctoides acridens and Protomarc¬ 
tus optatus. 

Split Rock Formation, Granite Mountain, Fremont 
County, Wyoming: Cynarctoides acridens, Par¬ 
acynarctus kelloggi, Metatomarctus canavus, 
and Protomarctus optatus. 

Nambe Member, Tesuque Formation, south of 
Santa Cruz River, 50 ft below the Nambe White 
Ash Stratum, Santa Fe County, New Mexico: 
Cynarctoides acridens. 


Nambe Member, Tesuque Formation, White Op¬ 
eration Wash. Santa Fe County, New Mexico: 
Paracynarctus kelloggi. 

Nambe Member, Tesuque Formation, Santa Fe 
County. New Mexico: Microtomarctus conferta. 

Zia Formation, Kiva Quarry near the divide be¬ 
tween Canyada de Zia and Canyada Piedra Par- 
ada, Jemez Creek area, Sandoval County, New 
Mexico: Paracynarctus kelloggi and Microto¬ 
marctus conferta. 

Massacre Lake Local Fauna, Big Basin, Washoe 
County, Nevada: Paracynarctus kelloggi. 

Hackberry Local Fauna, Lanfair Valley, eastern 
Mohave, California: Metatomarctus canavus. 

Phillips Ranch Local Fauna, Bopesta Formation, 
Kern County, California: Paracynarctus kelloggi. 

Third Division Fauna, Barstow Formation, San 
Bernardino County, California: Protomarctus 
optatus. 

Late Hemingfordian or early Barstovian 

North Park Formation, Spruce Gulch, 5 mi south 
of State Bridge, Eagle County, Colorado: Par¬ 
acynarctus kelloggi. 

Early Barstovian 

Lower Snake Creek Fauna, Olcott Formation, 
Sioux and Dawes counties, Nebraska: Cynarc¬ 
toides acridens, * Paracynarctus sinclairi, Eu- 
oplocyon brachygnathus, Psalidocyon mari- 
anae, * Microtomarctus conferta, *Tomarctus 
hippophaga, and Tomarctus brevirostris. 

Sand Canyon Formation, Dawes County, Nebras¬ 
ka: Tomarctus hippophaga. 

Sand Canyon Formation, Observation Quarry, 
Dawes County, Nebraska: Cynarctoides acri¬ 
dens, Paracynarctus sinclairi, and Tomarctus 
hippophaga. 

Sand Canyon Formation, Surprise Quarry. Hay 
Springs Creek Drainage, Dawes County, Ne¬ 
braska: Aelurodon asthenostylus. 

Lower part of Pawnee Creek Formation, Weld 
County, Colorado: Microtomarctus conferta, 
*Tomarctus brevirostris, and Aelurodon asthen¬ 
ostylus. 

Skull Ridge Member, Tesuque Formation, Santa 
Fe County, New Mexico: Cynarctoides acri¬ 
dens, Paracynarctus kelloggi, *Psalidocyon 
marianae, Microtomarctus conferta, Tomarctus 
hippophaga, and Tomarctus brevirostris. 

Skull Ridge Member, Tesuque Formation, Third 
District, Santa Fe County, New Mexico: To¬ 
marctus brevirostris. 

Undifferentiated beds in Zia Formation, Jemez 
Creek area, Sandoval County, New Mexico: 
Microtomarctus conferta. 

Pointblank Local Fauna, Fleming Formation, near 
Pointblank, San Jacinto County, Texas: Para- 
tomarctus temerarius. 
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Trinity River Local Fauna, Fleming Formation. 
San Jacinto County, Texas: Paratomarctus tem- 
erarius. 

Green Hills Fauna, Barstow Formation, San Ber¬ 
nardino County, California: Paracynarctus kel- 
loggi, Euoplocyon brachygnathus, Microto- 
marctus conferta, and Tomarctus hippophaga. 

Barstow Formation, Yermo Quarry, San Bernar¬ 
dino County, California: Cynarctoides acridens, 
Microtomarctus conferta, and Tomarctus hip¬ 
pophaga. 

Second Division Fauna, Barstow Formation, San 
Bernardino County, California: Cynarctoides 
acridens, *Cynarctus galushai, Microtomarctus 
conferta, Tomarctus brevirostris, Aelurodon as- 
thenostylus, Paratomarctus temerarius, and 
Protepicyon raki. 

Caliente Formation, Kent Quarry, Ventura Coun¬ 
ty, California: Tomarctus hippophaga. 

Caliente Formation, East Caliente Range, San 
Luis Obispo County, California: Tomarctus 
brevirostris. 

Virgin Valley Formation, Virgin Valley, Humboldt 
County, Nevada: * Paracynarctus kelloggi. 

Carlin Formation, 3.5 mi south of Carlin, Elko 
County. Nevada: Microtomarctus conferta. 

High Rock Canyon, Humboldt County, Nevada: 
Metatomarctus sp. A and Metatomarctus sp. B. 

Mascall Fauna, Mascall Formation, Grant County, 
Oregon: *Tephrocyon rurestris. 

Red Basin Local Fauna. Butte Creek Volcanic 
Sandstone, Juntura Formation, Malheur County, 
Oregon: Tephrocyon rurestris. 

Skull Spring Local Fauna, Butte Creek Formation. 
Malheur County, Oregon: Euoplocyon brach¬ 
ygnathus. 

Flint Creek beds, near New Chicago, Granite 
County, Montana: *Euoplocyon brachygnathus, 
and Paratomarctus temerarius. 

Smith River Valley, “Upper beds” or “ Cyclopi- 
dius beds,” in Deep River beds, Meagher 
County. Montana: Paratomarctus temerarius. 

Tonopah Local Fauna, Siebert Formation, San 
Antonio Mountains, Nye County. Nevada: Par¬ 
acynarctus kelloggi, Microtomarctus conferta, 
and * Aelurodon asthenostylus. 

Stewart Spring Fauna, Esmeralda Formation, Cedar 
Mountain, Mineral County, Nevada: Parato¬ 
marctus temerarius and Carpocyon compressus. 

Calvert Formation, Calvert County, Maryland: 
*Cynarctus marylandica. 

Late Barstovian 

Cornell Dam Member, Valentine Formation, Nor- 
den Bridge Quarry, Niobrara River, Brown 
County, Nebraska: Cynarctus saxatilis, Aelu¬ 
rodon ferox, Paratomarctus temerarius, and 
Carpocyon compressus. 


Crookston Bridge Member, Valentine Formation, 
Railway Quarry A, Cherry County, Nebraska: 
Cynarctus saxatilis, Aelurodon mcgrewi, Aelu¬ 
rodon ferox, Paratomarctus temerarius, and 
Carpocyon compressus. 

Devils Gulch Member, Valentine Formation, Dev¬ 
il’s Gulch, Brown, Cherry, and Keya Paha coun¬ 
ties. Nebraska: Cynarctus saxatilis, *Aelurodon 
mcgrewi, Aelurodon ferox, Paratomarctus tem¬ 
erarius, and Carpocyon compressus. 

Burge Member, Valentine Formation, Brown and 
Cherry counties, Nebraska: *Cynarctus voorhie- 
si, * Aelurodon stirtoni, Aelurodon ferox, *Par- 
atomarctus euthos, and * Carpocyon webbi. 

Ogallala Group temporally equivalent to Burge 
Member of Valentine Formation, Extension 
Quarry and Paleo Channel Quarry, Sheridan 
County, Nebraska: Paratomarctus euthos. 

Ogallala Group temporarily equivalent to Burge 
Member of Valentine Formation, Hardin 
Bridge, Niobrara River, Sheridan County, Ne¬ 
braska: Aelurodon ferox. 

Valentine Formation, H. A. Davis Ranch, east side 
of Snake River, Cherry County, Nebraska: Car¬ 
pocyon compressus. 

Ogallala Group temporarily equivalent to upper 
part of Valentine Formation. 2.9 mi east of 
White Clay, along the Nebraska—South Dakota 
state line, Nebraska and South Dakota: Aelu¬ 
rodon ferox. 

Valentine Formation, Elliot Place, Brown County, 
Nebraska: Paratomarctus temerarius. 

Valentine Formation, Myers Farm, Webster Coun¬ 
ty, Nebraska: Cynarctus saxatilis, Paratomarc¬ 
tus temerarius. 

Valentine Formation, Tihcn Locality, Keya Paha 
County, Nebraska: Aelurodon ferox. 

Valentine Formation, Antelope Creek and Min- 
nechaduza Creek, Cherry County, Nebraska: 
Aelurodon ferox. 

Ogallala Group, temporally equivalent to Valen¬ 
tine Formation. Niobrara River, Sheridan Coun¬ 
ty, Nebraska: Aelurodon ferox. 

Ogallala Group. Driftwood Creek, Hitchcock 
County, Nebraska: Aelurodon astheno stylus. 

Ogallala Group, Spatz Quarry, Knox County, Ne¬ 
braska: Aelurodon ferox. 

Ogallala Group, Devil’s Nest road, Knox County, 
Nebraska: Aelurodon ferox. 

Ogallala Group, temporally equivalent to the Cor¬ 
nell Dam Member of the Valentine Formation. 
Hottell Ranch Quarry, Banner County, Nebras¬ 
ka: Aelurodon ferox. 

Ogallala Formation, temporally equivalent to 
Crookston Bridge Member of Valentine For¬ 
mation, Hazard Homestead, Driftwood Creek, 
Hitchcock County, Nebraska: Aelurodon ferox 
and Carpocyon compressus. 
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Republican River beds. Red Willow County, Ne¬ 
braska: Aelurodon mcgrewi. 

Pawnee Creek Formation. Horse Quarry, Weld 
County, Colorado: Microtomarctus conferta, 
Tomarctus brevirostris, Aelurodon asthenosty- 
lus, and Carpocyon compressus. 

Cedar Springs Draw Local Fauna, Browns Park 
Formation, Moffat County, Colorado: Microto¬ 
marctus conferta. 

Trail Creek Fauna. Ogallala Group, Laramie 
County, Wyoming: Paratomarctus temerarius. 

Ogallala Group, Cedar Creek. 40 mi north of Ster¬ 
ling, Logan County, Colorado: *Cynarctus sax- 
atilis. 

Cold Spring Fauna, Fleming Formation, 8 mi 
south of Livingston, Polk County, Texas: Mi¬ 
crotomarctus conferta and Aelurodon ferox. 

?Cold Spring Fauna, Fleming Formation. J. Nis- 
cavit Farm, Grimes County, Texas: Tomarctus 
brevirostris. 

Pojoaque Member. Tesuque Formation, Santa Fe 
and Rio Arriba counties. New Mexico: Micro¬ 
tomarctus conferta, Aelurodon stirtoni, Aelu¬ 
rodon ferox. Paratomarctus temerarius, and 
Carpocyon webbi. 

Chama El Rito Member, Tesuque Formation. 
South fork of Three Sands Hills Wash, Rio del 
Oso—Abiquiu locality, Rio Arriba County, New 
Mexico: Microtomarctus conferta, Aelurodon 
ferox, Aelurodon stirtoni, and Paratomarctus 
temerarius. 

Ojo Caliente Member, Tesuque Formation, Rio 
Arriba County, New Mexico: Aelurodon ferox, 
Paratomarctus temerarius, and Carpocyon 
webbi. 

Dixon Member, Tesuque Formation, Rio Arriba 
County, New Mexico: Aelurodon taxoides. 

Undifferentiated beds, Zia Formation, Jemez Creek 
area, Sandoval County. New Mexico: Microto¬ 
marctus conferta, Aelurodon ferox, Paratomarc¬ 
tus temerarius, and Protepicyon raki. 

Unnamed member, Zia Formation, North Rio 
Puerco area, Sandoval County, New Mexico: 
Paratomarctus temerarius and Protepicyon 
raki. 

Unnamed formation. Home Station Pass, Pershing 
County, Nevada: Paracynarctus kelloggi. 

First Division Fauna, Barstow Formation, San 
Bernardino County, California: Cynarctus gal- 
ushai, Microtomarctus conferta, Aelurodon as- 
thenostylus, Paratomarctus temerarius, and 
*Protepicyon raki. 

?Late Barstovian 

“Valley of the Niobrara River,” Nebraska: *Ae- 
lurodon ferox. 

“Sands of the Niobrara River, Loup Fork,” Ne¬ 
braska: * Paratomarctus temerarius. 


“Loup Fork,” presumably Valentine Formation, 
Cherry County, Nebraska: *Carpocyon com¬ 
pressus. 

Republic River beds. Silica Mine, Calvert, Kan¬ 
sas: Carpocyon compressus. 

Noble Farm, Moore County, Texas: Tomarctus 
brevirostris. 

Late Barstovian-Clarendonian 

Pojoaque Member. Tesuque Formation, Santa Fe 
County, New Mexico: Epicyon saevus. 

Unnamed beds of Zia Formation, Santa Ana 
Wash, Jemez Creek area, Sandoval County, 
New Mexico: Epicyon saevus. 

Early Clarendonian 

Cap Rock Member, Ash Hollow Formation, Wil¬ 
liams Canyon, tributary of Plum Creek, Brown 
County, Nebraska: *Cynarctus crucidens. 

Cap Rock Member, Ash Hollow Formation, Clay¬ 
ton and East Clayton quarries, Brown County, 
Nebraska: Cynarctus crucidens, Aelurodon tax¬ 
oides, Paratomarctus euthos, and Epicyon sae¬ 
vus. 

Cap Rock Member, Ash Hollow Formation. Med¬ 
icine Creek, Brown County, Nebraska: Cynarc¬ 
tus crucidens. 

Cap Rock Member. Ash Hollow Formation. Cher¬ 
ry and Keyapaha counties, Nebraska: Aeluro¬ 
don taxoides. 

Beds temporally equivalent to the Cap Rock 
Member of Ash Hollow Formation, Driftwood 
Creek, 16 mi southeast of Trenton, south side 
of Republic River, Hitchcock County, Nebras¬ 
ka: Paratomarctus euthos, Carpocyon robustus, 
and Epicyon saevus. 

Marly zone, base of Cap Rock Member of Ash 
Hollow Formation, first canyon above the Boil¬ 
ing Springs Bridge, south side of Niobrara Riv¬ 
er, Cherry County, Nebraska: Carpocyon ro¬ 
bustus. 

Ogallala Group, temporally equivalent to lower 
part of Ash Hollow Formation, Patton Ranch, 
Banner County, Nebraska: Epicyon saevus. 

Ash Hollow Formation, Gallup Gulch, 35 ft above 
spring level, massive sand. Cherry County, Ne¬ 
braska: Carpocyon robustus. 

Undifferentiated beds of Ogallala Group equiva¬ 
lent to Cap Rock Member of Ash Hollow For¬ 
mation, Hollow Horn Bear Quarry, Todd Coun¬ 
ty, South Dakota: Cynarctus crucidens, Aelu¬ 
rodon taxoides, Paratomarctus euthos, Carpo¬ 
cyon robustus, and Epicyon saevus. 

Mission Local Fauna, undifferentiated beds of 
Ogallala Group temporarily equivalent to Ash 
Hollow Formation, Thomas Fox Ranch, Mel¬ 
lette County, South Dakota: Aelurodon taxo¬ 
ides, Paratomarctus euthos, and Carpocyon ro¬ 
bustus. 
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Undifferentiated beds of Ogallala Group equiva¬ 
lent to Ash Hollow Formation, Canyon of Little 
White River and Rosebud Agency Quarry, 
South Dakota: Aelurodon taxoides and Epicyon 
saevus. 

Undifferentiated beds of Ogallala Group equiva¬ 
lent to Ash Hollow Formation, Big Spring Can¬ 
yon, Bennett County, South Dakota: Aelurodon 
taxoides and Epicyon saevus. 

Undifferentiated beds of Ogallala Group equiva¬ 
lent to Cap Rock Member of Ash Hollow For¬ 
mation, 2.5 mi west of Wounded Knee Creek, 
0.5 mi south of South Dakota state line, Cherry 
County, Nebraska: Aelurodon taxoides. 

Laucomer Member, Snake Creek Formation. Kil¬ 
patrick Quarry (= Quarry 7), Sioux County, 
Nebraska: Cynarctus crucidens. 

Beaver Local Fauna, Laverne Formation, Whis- 
enhunt Quarry, Beaver County, Oklahoma: Ae¬ 
lurodon taxoides. 

Clarendon beds, Donley County. Texas: Cynarc¬ 
tus crucidens and Carpocyon robustus. 

Clarendon beds, Mac Adams Quarry, 10 mi north 
of Clarendon, Donley County, Texas: Parato- 
marctus euthos, Aelurodon taxoides, and Epi¬ 
cyon saevus. 

Clarendon beds. White Fish Creek, Donley Coun¬ 
ty, Texas: Aelurodon taxoides, Paratomarctus 
euthos, Epicyon saevus, and Epicyon haydeni. 

Ogallala Group, Turkey Creek, Mill Iron Ranch, 
Hall County, Texas: Aelurodon taxoides. 

Ogallala Group, Amarillo area, Texas: Aelurodon 
taxoides. 

Lapara Creek Fauna. Goliad Formation, near Nor- 
manna, Bee County, Texas: Aelurodon taxoides. 

Agricola Fauna. Bone Valley Formation. Agricola 
Road Locality, Polk County, Florida: Aelurodon 
taxoides. 

Chamita Formation. Round Mountain Quarry, Rio 
Arriba County, New Mexico: Aelurodon taxo¬ 
ides and Epicyon saevus. 

Fish Lake Valley Fauna, Esmeralda Formation, 
Esmeralda County, Nevada: Epicyon saevus. 

Esmeralda Formation, Snowball Valley North, 
Cedar Mountain, Mineral County, California: 
Aelurodon taxoides. 

Monterey Formation, Crocker Springs, Kern 
County, California: *Borophagus littoralis. 

South Tejon Hills Local Fauna, Santa Margarita 
Formation, Kern County, California: Boropha- 
gus littoralis. 

?Early Clarendonian 

“Sands of the Niobrara River,” ?Cap Rock Mem¬ 
ber, Ash Hollow Formation, north-central Ne¬ 
braska: *Epicyon saevus. 

Late Clarendonian 

Merritt Dam Member, Ash Hollow Formation, 


Brown. Cherry, Hitchcock, and Sheridan coun¬ 
ties, Nebraska: Cynarctus crucidens, Aelurodon 
taxoides, Paratomarctus euthos, Carpocyon ro¬ 
bustus, Epicyon saevus, and Epicyon haydeni. 

Ash Hollow Formation, Turtle Canyon, upper 
sandstone layer, Sheridan County, Nebraska: 
Epicyon haydeni. 

Ash Hollow Formation, North Shore Locality, 
Keith County, Nebraska: Epicyon haydeni. 

Laucomer Member. Snake Creek Formation. 
Sioux County, Nebraska: Aelurodon taxoides, 
Epicyon saevus, and Epicyon haydeni. 

Browns Park Formation, near Craig, 75 ft below 
the Weller Cap, upper end of Swelter Draw, 
Moffat County, Colorado: Carpocyon robustus. 

Alachua Formation, Love Bone Bed, Alachua 
County. Florida: Epicyon saevus and Epicyon 
haydeni. 

Truckee Formation, Churchill County, Nevada: 
Epicyon saevus. 

Green Valley Formation, Black Hawk Ranch 
Quarry, south side of Mount Diablo, Contra 
Costa County, California: Aelurodon taxoides 
and Borophagus littoralis. 

San Pablo Group, Ingram Creek 8, Stanislaus 
County, California: Borophagus littoralis. 

Clarendonian 

“Valley of the Niobrara River,” ?Merritt Dam 
Member. Ash Hollow Formation, Nebraska: 
*Epicyon haydeni. 

“Loup Fork,” Ash Hollow Formation, south side 
of the Niobrara River, midway between the 
mouths of Pine and Box Butte creeks, Sheridan 
County. Nebraska: * Aelurodon taxoides. 

“Loup Fork,” Madison River, Montana: Epicyon 
haydeni. 

The Dalles Formation, Oregon: Epicyon saevus. 

Driftwood Creek, Hitchcock County, Nebraska: 
Epicyon haydeni. 

Lower part of Ash Hollow Formation, Harrisburg 
Locality Al, Banner County, Nebraska: Aelu¬ 
rodon taxoides. 

Lower part of Ash Hollow Formation, south side 
of Niobrara River, northeast of River View 
School, Sheridan County, Nebraska: Aelurodon 
taxoides. 

Thayer Ranch, 2 mi below Lion Bridge on Nio¬ 
brara River, ?Cap Rock Member, Ash Hollow 
Formation, Cherry County, Nebraska: Carpo¬ 
cyon webbi. 

Ogallala Group. Republican River beds. Bow 
Creek, 12.5 mi southeast of Logan, Kansas: Ae¬ 
lurodon taxoides. 

Durham Local Fauna, Ogallala Group, Roger 
Mills County, Oklahoma: Epicyon haydeni. 

Ogallala Group, Channing area. Texas: Aelurodon 
taxoides. 
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Excell Local Fauna, Ogallala Group, north of Ca¬ 
nadian River, Texas: Aelurodon taxoides. 

Ogallala Group, Highway Pit, 0.75 mi north of 
Lipscomb, Lipscomb County, Texas: Cynarctus 
crucidens. 

Ogallala Group, Sanford Pit, 12 mi southwest of 
Borger, Carson County, Texas: Aelurodon tax¬ 
oides. 

Ogallala Group, Noble Ranch, Moore County, 
Texas: Aelurodon taxoides. 

Upper part of Pojoaque Member. Tesuque For¬ 
mation, Rio Arriba and Santa Fe counties. New 
Mexico: Aelurodon ferox and Epicyon haydeni. 

Beds referred to the Chamita Formation, Black 
Mesa, San Ildefonso. Rio Arriba County, New 
Mexico: Carpocyon webbi. 

Bidahochi Formation, President Wilson Springs, 
Jeddito Valley, Navajo County, Arizona: Epi¬ 
cyon haydeni. 

Milk Creek Formation. Milk Creek area, Yavapai 
County, Arizona: Carpocyon robustus and Ep¬ 
icyon haydeni. 

Ricardo Fauna, Dove Spring Formation, Red 
Rock Canyon, Kern County, California: *Car- 
pocyon robustus, Epicyon saevus, and Epicyon 
haydeni, 

Clarendonian or Hemphillian 

South of Coso Mountains, Inyo County, Califor¬ 
nia: Epicyon saevus. 

Early Hemphillian 

Aphelops Draw Fauna, Johnson Member, Snake 
Creek Formation, Sioux County, Nebraska: Ep¬ 
icyon saevus, Epicyon haydeni, and Boropha- 
gus secundus. 

Ash Hollow Formation, Lemoyne Quarry, Keith 
County, Nebraska: Epicyon haydeni. 

Ogallala Group. Head of Blue Creek, Garden 
County, Nebraska: Borophagus pugnator. 

Ogallala Group, Turtle-Carnivore Quarry. Frontier 
County, Nebraska: Epicyon saevus. 

Ogallala Group, Medicine Creek, Frontier County, 
Nebraska: Borophagus pugnator. 

Ogallala Group. Wray area, Yuma County, Colo¬ 
rado: Epicyon haydeni, and * Borophagus pug¬ 
nator. 

Ogallala Group, Rhino Hill Quarry, Wallace 
County, Kansas: Borophagus pugnator. 

Ogallala Group, Jack Swayze Quarry, Clark 
County, Kansas: Epicyon haydeni and Boropha¬ 
gus pugnator. 

Ogallala Group. Rhino Quarry, Young Brothers 
Ranch, Vicinity of Ashland, Clark County, 
Kansas: Epicyon haydeni. 

Ogallala Group, 2 mi south of Young Brothers 
Ranch, vicinity of Ashland, Clark County, Kan¬ 
sas: *Epicyon aelurodontoides. 


Ogallala Group, vicinity of John Dakin Quarry, 
Clark County, Kansas: Borophagus pugnator. 

Ogallala Group, F. Sebastian Place, 1 mi south¬ 
west of Oberlin, Decatur County, Kansas: Epi¬ 
cyon haydeni. 

Ogallala Group, Vicinity of Hall Cope’s Ranch, 6 
mi southwest of Norton, Norton County, Kan¬ 
sas: Epicyon haydeni. 

Ogallala Group. Port of Entry Pit (Arnett Local¬ 
ity), 5 mi east of Higgins, Texas, in Ellis Coun¬ 
ty, Oklahoma: Carpocyon limosus, Epicyon 
saevus, and Epicyon haydeni. 

Ogallala Group, North Pit, Schwab Place, and 
Fritzler Place, Ellis County, Oklahoma: Epicyon 
saevus and Epicyon haydeni. 

Hemphill Beds, Ogallala Group, Bridge Creek. 
Box T Ranch, north of Higgins, Lipscomb 
County, Texas: Epicyon saevus, Epicyon hay¬ 
deni, and Borophagus pugnator. 

Ogallala Group, V. V. Parker Place, Pit 1, 10 mi 
northeast of Higgins, Lipscomb County, Texas: 
Epicyon saevus and Epicyon haydeni. 

McGehee Farm Locality, 5 mi north of Newberry, 
Alachua County, Florida: Epicyon saevus and 
Epicyon haydeni. 

Alachua Formation, Haile 19A Locality, Alachua 
County, Florida: Epicyon haydeni. 

Alachua Formation, Mixson’s Bone Bed, Levy 
County, Florida: Epicyon haydeni and Boropha¬ 
gus pugnator. 

Alachua Formation, Withlacoochee River 4A and 
4X, Citrus County, Florida: Borophagus pug¬ 
nator and *Borophagus ore. 

Star Valley Quarry, unnamed beds in Banbury 
Basalt, Little Owyhee River, Owyhee County, 
Idaho: Epicyon haydeni. 

Rome Fauna, Rome beds. Dry Creek. Malheur 
County, Oregon: Epicyon haydeni and Boro¬ 
phagus pugnator. 

Thousand Creek Fauna, Thousand Creek Forma¬ 
tion, Humboldt County, Nevada: Epicyon sae¬ 
vus. 

Gracias Local Fauna, Honduras: Borophagus se¬ 
cundus. 

Corinto Local Fauna, El Salvador: Borophagus 
secundus. 

?Early Hemphillian 

Ogallala Group, Sanford Pit. 12 mi southwest of 
Borger, Channing area, Carson County, Texas: 
Epicyon saevus. 

Poison Creek Formation, Reynolds Creek. Owy¬ 
hee County, Idaho: Borophagus pugnator. 

Late Hemphillian 

ZX Bar Local Fauna. Johnson Member, Snake 
Creek Formation. Sioux County, Nebraska: 
*Borophagus secundus. 
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Ogallala Group, Turtle Locality, Cheyenne Coun¬ 
ty, Nebraska: Borophagus secundus. 

Ogallala Group. Edson Quarry, Sherman County, 
Kansas: Borophagus secundus. 

Optima Local Fauna, Ogallala Group. Optima ( = 
Guymon) quarries, Texas County, Oklahoma: 
Borophagus secundus. 

Coffee Ranch Local Fauna, Ogallala Group, Cof¬ 
fee Ranch Quarry (= Miami Quarry), Hemphill 
County, Texas: Borophagus secundus. 

Ogallala Group. “Goodnight beds,” Armstrong 
County, Texas: Borophagus secundus. 

Ogallala Group. Channing area. Hartley County, 
Texas: Borophagus secundus. 

Axtel Local Fauna, Ogallala Group, Axtel Ranch 
Locality, Randall County, Texas: * Borophagus 
hilli. 

Christian Ranch Local Fauna, Ogallala Group, 
Christian Place Quarry. Armstrong County, 
Texas: Borophagus hilli. 

Palmetto Fauna, Bone Valley Formation. Hardee 
and Polk counties, Florida: *Catpocyon limo- 
sus. Epicyon haydeni, Borophagus pugnator, 
Borophagus hilli, and * Borophagus dudleyi. 

Chamita Formation, Leyden Quarry, Rio Arriba 
County, New Mexico: Borophagus secundus. 

Quibiris Formation, Old Cabin, Redington, and 
Least Camel quarries, Pima County, Arizona: 
*Borophagus parvus. 

Big Sandy Formation, Clay Bank. Bird Bone, and 
Gray Ranch quarries, Mohave County, Arizona: 
Borophagus parvus. 

Pinole Local Fauna, Pinole Formation. Pinole 
Junction Site, Contra Costa County, California: 
Borophagus parvus. 

Modesto Reservoir Local Fauna, Mehrten For¬ 
mation, Rock Point, Sand Point, Rhino Island, 
and Turlock Lake sites, Stanislaus County, Cal¬ 
ifornia: Borophagus parvus and Borophagus se¬ 
cundus. 

Mt. Eden Fauna, Mt. Eden Formation, Riverside 
County, California: Borophagus secundus. 

Rancho Viejo Beds, Guanajuato, Mexico: Boro¬ 
phagus secundus. 

?HemphiIlian 

Prison Farm Gravel Pit, Powell County, Montana: 
Epicyon haydeni. 

Latest Hemphillian or earliest Blancan 

Saw Rock Canyon Local Fauna. Ogallala Group, 
Seward County, Kansas: Borophagus hilli. 

Early Blancan 

Hagerman Local Fauna, Glenns Ferry Formation, 
Twin Falls County, Idaho: Borophagus hilli. 

Ringold Formation, White Bluffs, Benton County, 
Washington: Borophagus hilli. 

Cuchillo Negro Creek Local Fauna. Palomas For¬ 


mation, Sierra County, New Mexico: Boropha¬ 
gus hilli. 

Beds correlated with Salada Formation, Las Tu¬ 
nas, southern Baja California, Mexico: Boro¬ 
phagus hilli. 

Rexroad Formation, Keefe Canyon Quarry, Mea¬ 
de County, Kansas: Borophagus diversidens. 

Beck Ranch Local Fauna, Scurry County, Texas: 
Borophagus diversidens. 

Lisco Local Fauna, Lower part of Broadwater 
Formation, Lisco Quarry 1, Garden County, 
Nebraska: Borophagus diversidens. 

From 8 mi east of Broadwater, probably equiva¬ 
lent to Lisco Local Fauna, Morrill County, Ne¬ 
braska: Borophagus diversidens. 

Rancho Viejo beds, Guanajuato, Mexico: Boro¬ 
phagus diversidens. 

Late Blancan 

Grand View Fauna, Glenns Ferry Formation, Ada 
County, Idaho: Borophagus diversidens. 

Taunton Fauna, Ringold Formation, Benton Coun¬ 
ty, Washington: Borophagus diversidens. 

Tehama Formation, northern Sacramento Valley, 
Tehama County, California: Borophagus diver¬ 
sidens. 

Coso Mountains, Inyo County, California: Boro¬ 
phagus diversidens. 

Post Ranch Fauna, Saint David Formation, Car¬ 
nivore Site, Post Ranch area, Cochise County, 
Arizona: Borophagus diversidens. 

Saint David Formation, 3.5 mi section, near Ben¬ 
son, Cochise County, Arizona: Borophagus div¬ 
ersidens. 

Gila Group, Dry Mountain Locality, Graham 
County, Arizona: Borophagus diversidens. 

Panaca Formation, Channel Sands Pocket, near 
Panaca, Lincoln County, Nevada: Borophagus 
diversidens. 

Broadwater Local Fauna, Broadwater Formation. 
Morrill County, Nebraska: Borophagus diver¬ 
sidens. 

Sand Draw Fauna, Keim Formation. Lee Magill 
Ranch, McGill County, Nebraska: Borophagus 
diversidens. 

Long Pine Formation, Hall Gravel Pit, Brown 
County, Nebraska: Borophagus diversidens. 

Big Spring Local Fauna, Long Pine Formation. 
Antelope County, Nebraska: Borophagus div¬ 
ersidens. 

Blanco Formation, Mt. Blanco, Crosby County, 
Texas: *Borophagus diversidens. 

Cita Canyon, Randall County, Texas: Borophagus 
diversidens. 

Ogallala Group, Channing area. Red Corral (Proc¬ 
tor Pits), Oldham County, Texas: Borophagus 
diversidens. 
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Santa Fe River Locality 1, Columbia County, 
Florida: Borophagus diversidens. 

?Late Blancan 

Vicinity of the town of Tequixquiac in the Valley 
of Mexico, Mexico: Borophagus diversidens. 
North Port Charlotte Locality, Charlotte County, 
Florida: Borophagus diversidens. 


Blancan 

Asphalto, near foot of Temblor Range, Kern 
County, California: Borophagus diversidens. 
Two miles southeast of Cornwall, Contra Costa 
County, California: Borophagus diversidens. 
Gila Group, Pima, Graham County, Arizona: Bor¬ 
ophagus diversidens. 


APPENDIX II 

Cranial Measurements of Borophaginae 
(Units are in millimeters) 


To minimize ontogenetic variation and post¬ 
mortem distortion, only adult individuals (per¬ 
manent dentitions fully erupted) and specimens 
that have not suffered excessive distortion were 
measured in the present study. As a result, only 
selected specimens are included for measurement, 
and they are presented in original measurements 
instead of in summary form (as in the case of the 
dental measurements). A slightly modified system 
of the cranial measurements used by Nowak 
(1979) is adopted in this study (figs. 145, 146), so 
that those who are interested can carry out com¬ 
parative biometrical studies using his data and 
ours, which are also broadly comparable to those 
in the Hesperocyoninae monograph (Wang, 1994). 
The following list details the cranial variates used 
in this study; all cranial measurements are by 
Wang. Abbreviations of measurements are in pa¬ 
rentheses. For visual comparison, log-ratio dia¬ 
grams (sensus Simpson, 1941) are presented for 
all species throughout the text (sometime more 
than once under different clusters of species). 

1. Length of posterior Cl foramen magnum 
notch (LCM)—Distance from posterior bor¬ 
der of upper canine alveolus to foramen mag¬ 
num notch. 

2. Greatest skull length (GSL)—Length from 
anterior tip of premaxillary to posterior tip of 
inion. 

3. Zygomatic width (ZW)—Greatest distance 
across zygomata. 

4. Braincase width (BW)—Greatest width of 
cranium across level of parietosquamosal su¬ 
tures (can be difficult to locate when sutures 
are fully fused). 


5. Maxillary toothrow length from PI to M2 
(LPM)—Distance from anterior edge of al¬ 
veolus of PI to posterior edge of alveolus of 
M2. 

6. Maximum palate width across cheekteeth 
(PWP4)—Greatest breadth between labial 
sides of most widely separated upper cheek¬ 
teeth (P4 or Ml). 

7. Palatal width at PI (PWP1)—Minimum 
width between lingual margins of alveoli of 
the Pis. 

8. Frontal shield width (FSW)—Maximum 
breadth across postorbital processes of frontals. 

9. Postorbital constriction width (PCW)—Least 
width across frontals at constriction behind 
postorbital processes. 

10. Length of M2 to bulla (M2B)—Minimum 
distance from posterior edge of alveolus of 
M2 to depression in front of bulla. 

11. Height of maxillary toothrow to orbit 
(MOH)—Minimum distance from outer al¬ 
veolar margin of M1 to most ventral point of 
orbit (the alveolar margin of the Ml often 
varies extensively among individuals or on 
either side of an individual). 

12. Depth of jugal (JD)—Minimum depth of ju¬ 
gal anterior to postorbital process, at right an¬ 
gle to its anteroposterior axis. 

13. P4 length (P4L)—Maximum anteroposterior 
length of crown measured on labial side. 

14. M2 width (M2W)—Maximum transverse di¬ 
ameter. 

15. Bulla length (LB)—Length from median lac¬ 
erate foramen to suture of bulla with paraoc- 
cipital process. 
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Phlaocyon marslandensis 

UNSM 26153 124.4 75.0 42.0 46.5 42.6 17.8 34.5 21.5 18.5 11.5 10.0 

Phlaocyon leucosteus 

AMNH 8768 (holotype) 75.5 93.8 66.0 35.2 31.0 34.0 14.5 28.5 15.8 22.7 12.7 7.5 9.2 6.8 18.0 
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Borophagus littoralis 
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APPENDIX III 


Statistical Summaries of Dental Measurements of Borophaginae 
(units are in millimeters) 


Most specimens were measured by Taylor, and 
the rest were measured by Wang. Problems in 
consistency are minimal for most measurements, 
especially longitudinal measurements, which are 
well defined and highly reproducible (fig. 147). 
Some transverse measurements (e.g., P4 width, 
M2 width, ml trigonid width), on the other hand, 
may be sensitive to location and angle of the cal¬ 


iper, and are inherently less precise and subject to 
variations in individual habits. A skull-length 
measurement is added to provide a sense of over¬ 
all size. Abbreviations of measurements are in pa¬ 
rentheses. For a visual comparison, log-ratio dia¬ 
grams (sensu Simpson, 1941) are presented for all 
species throughout the text (sometimes more than 
once under different clusters of species). 






Fig. 147. Definition of dental measurements for 
further explanations. 

Basal length of skull (BL)—Maximum distance 
from anterior tip of premaxillary to foramen mag¬ 
num notch. 

PI—P3 lengths (e.g., LP1)—Maximum antero¬ 
posterior diameter on the major axis of each tooth. 

P4 length (LP4)—Maximum anteroposterior di¬ 
ameter from the parastyle to the metastyle corners 
with calipers held parallel to the base of the tooth. 

P4 width (WP4)—Maximum transverse diam¬ 
eter taken just posterior to the protocone. 

Ml length (LM1)—Maximum anteroposterior 
diameter from the parastyle to the metastyle with 
the calipers held parallel to the labial border. 

Ml width (WM1)—Maximum transverse di¬ 
ameter from the labial cingulum to the lingual 
border with caliper held perpendicular to the para- 
cone and metacone. 

M2 length (LM2)—Maximum anteroposterior 
diameter from the parastyle to the metastyle with 
the calipers held parallel to the labial border. 


P3—M2 (upper) and p4—m2 (lower). See text for 

M2 width (WM2)—Maximum transverse di¬ 
ameter on the major axis of the tooth from the 
labial cingulum to the lingual border. 

pl-p4 lengths (e.g., Lpl)—Maximum antero¬ 
posterior diameter on the major axis of each tooth. 

p4 width (Wp4)—Maximum transverse diam¬ 
eter of p4. 

ml length (Lml)—Maximum anteroposterior 
diameter of each tooth. 

ml trigonid width (Wmltr)—Maximum trans¬ 
verse diameter at the carnassial notch. 

ml talonid width (Wmltl)—Maximum trans¬ 
verse diameter of the talonid at hypoconid. 

m2 length (Lm2)—Maximum anteroposterior 
diameter on the main axis of the tooth from the 
paraconid to the posterior cingulum or hypocon- 
ulid. 

m2 width (Wm2)—Maximum transverse di¬ 
ameter. 
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